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INTllODUCTION 


It is rallior unusual that any considerable time should elapse between 
the announcement of a great discovery and the appearance of a book deal¬ 
ing specifically and comprehensively with thi^ subject of that discovery; and 
especially is this true when the idea or invention has suith a far-reaching, 
cv('n revolutionary, influence in its jjarticular department of the world’s 
a(divities as is the case with high-sjjced ste(!ls. Nevertheless during the 
decade and more simM? Fred VV. 'Faylor and Maunsel White unexiiectedly 
stumbled upon the high-heat treatment for tungsten and related steels, 
and develoiM'd their high-speed steel, nothing has been published which 
could 1 m' called at all adequate as a treatment of the subject., except pos¬ 
sibly Mr. Taylor’s address befon^ the American Soedely of Mechanical En¬ 
gineers on the occasion of his inaugurat ion as president., at the necemb('r, 
loot), meeting; and tlu^ articles hen'afbT nnuitioned. This address or 
report is indeed a monumental work, including as it. does the results of his 
experiences and n'si'arcihes, and those of his co-laborers, in t.he carrying 
on of his investigations. These researches, it w'ould seem, have been mor(! 
extensive and thorough than any others yet att(>mi)t.('d, covering the gen¬ 
eral subject of the new stei'ls. Other investigations, c.overing limited 
portions of tin' field, like those of l)r. II. C. H. Carpenter, say, have 
Ix'cn exhaustive as far as they extended, and also are very valuable for tho 
light they throw upon tin- nature and th(‘ possibilities of high-speed steel. 

The Taylor n^port (a)ntin('.s itself largely to the (:xi)eriences of its author 
and his associabis, ami unfortunai.ely, has not a good index. Then; has 
been a pretty general feeling for some time that a work should be available 
which would cover compn'hensively the whoh' subject of high-speed steads, 
presenting in an understandable way a general view of it in such form as 
to be easily acca'ssible for refiTcnce. This' was in the mind of the present 
writer when ho was invited some five years ago to contribute to the 
Enginerring Magazine a series of papers dealing with the subj(X't. The 
articles were v. ritten and printed,' and, as far as appears, formr^d the most 
extensive account of the new steels, as adai)table to use in productive 
industry, which had been j)ublished up to that time. 

• Enginc’ring Magazine, Now York imcl Isindon. Issues of September, October, 
November, and December, lOOo ; May, June, and August, IDOG. 
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Since the original articles appean^d much new light has been thrown 
upon certain aspects of the subject. Mr. Taylor's address has been pub¬ 
lished, and many sporadic contributions of greater or less value have ap- 
jjeared in the technical ])eriodicals. h'urtherrnore, important dev(dopinents 
have been worked out concerning which little or nothing at all has been 
heretofore prinb'd. Wliile therefore this book is in a sense based upon 
the series of articles already mentioned, it is liy no means the same. Such 
of the original material as has proved fundamental has Ix'en retained and 
brought into a(a«rd with present knowledge and practice. Much has been 
addfHl touching the historical and theondical asjx’cts of high-spe('d and 
other tool si,eels. The ))uri)ose has been to include all that might be of 
interest in (connection with the subject and to pncsent an accccurate con¬ 
spectus of th(* pn'sent state of knowledge cone(‘nnng the new steels. 

Tlie (cntirf' suliject is .so recent, however, and astonishing developments 
have followed one another with such bewildering rapidity, that the accom¬ 
plishing of this ])urpos(‘ presented many difficulties. Almost every steel man 
knows the practical iiuijo.ssibility of obtaining detailed information concern¬ 
ing tool steels which is absolutely accurate and reliable. The personal 
e(|ua(ion and a multitude of other factors commonly accounted negligible, 
,so much affect results that the as.sertion might be safely hazarded that all 
(conclusions as to method and means in steel tn-atment are subject to 
allow'ances for thes(‘ ('lements. Thus, for illustratiion, two different plants 
()l)erat('(l by the sanu' concern make large use of the barium process in 
hardening. At one the temperature commonly maintaiiK'd and indicated 
by the jryrometer is 1200 degn'cs (’, (2200 F.), while at the other an 
instrument of the same make and calibrated with e(|ual care uniformly 
indicates only 1070 (h'gn'cs C. (lO.'iO F.); and yad as far as can be seen by 
l.tu' eye of an exjx'rienced operator, familiar with both idants, the two 
baths are kept at identical temijeratures. ('('rtain it is that r('sults e()ually 
good are obtained at, both plants. 

Similar difficulties arise in connection w'ith nu'thods and apparatus. 
Thus, it is maintained with nuHch fervor by some that the only furna(!e 
giving good results is cokofired; while others insist with (‘(jual fervor that 
oil or gas fired furnaer's alone can be deixmded upon. Similarly, con¬ 
clusions as to superiority of one or another brand of steel over others are 
almost uniformly based on insufficient grounds or arrived at under (condi¬ 
tions not precisely duidicated (or not likely to be duplicated) elsewh(‘re. 

Oreat care has Ixcen taken to insure ab.solule aeeurarcy of statem(‘nt, and 
definiteness in every respect. The rea(l('r must remember, however, that 
in view of the (consi(l(>rations just set forth, there may be some disagreement 
with methods her(‘ ])ro|)osed and conclusions ])r('sente(l. The endeavor 
has been not only to cover, in the chapters dealing with the practical han¬ 
dling of the new steels, all points lik('ly to come up, and to indi(cate clearly 
just what is believed to be best i)ractice at the present time; but, where 
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there is diversity of opinion, to describe all practical methods shown to 
yield satisfactory results. 

In conclusion the iiutlior wishe.s to cxpr(‘ss his apiu’cciation of the assist¬ 
ance r('nd(!red by Mr. Walter Brown and Mr. D. (1. Clark. Except for 
their encouragenn'iit and patient a.ssi.stanc(' during the early days of the 
work the task, it undiTtaken at all, might nevt^r have been finished. Grate¬ 
ful acknowledgment is also made of the interest manifested and assistance 
rendered in the ways of suggestions, criticism, permission to use material, 
and proof raiding by Mr. Fred W. T.aylor, Dr. H. H. Car|)enter, Mr. 
George H. I'altridge, Dr. Bradley Stoughton, and others. Dr. Carpenter 
was ("specially helpful with suggestions in connection with the chapter on 
the Nature and Characteristics of the New Steels; and Dr. Stoughton was 
kind enough to revise portions of the .same. Acknowh'dgment for the use 
of illustrations is made in t he up))ropriate places. 

O. M. BECKER. 

Ciiit; VI.t). 111., 

Jabj J, ]!M0. 
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CHAPTER I. 

'I’HE DEVELOPMENT AND NATURE OF HKiH-SPEED STEELS. 

KAlil.Y Tool. STEELS. 

The Earliest Tools. — Tliat tlio extraction of iron from its ores was 
practiced loiif; before historical times, is evidenced liy many remains 
of prehistoric forges and smelters. Not a few implements of that 
material whose antiquity cannot l)e doubled, also have been found. 
Scriptural authoi'ity asciibes tlu' lirsi forging of iron to Tubal Fain, 
whose time is generally fixed at about .'IS centuries H. U. Whether or 
not steel dates back so far as that, it i; ((iiile cerl.'un that, steel imple¬ 
ments must have been u.sed not much later, in the construction of certain 
of th(‘ very earlie.st ancient monuments known to us; for tools of soft 
iron could not have cut and carved the very hard rocks of which they 
were constructed. In connection with the building of the pyramids 



Kui. 1 The monurneiUul carviiitfs of Kffvpt arc conclusive evidence that the ancient EKvptiuin 
IKHsesscd Kood steel tools, which ahiiKM-oiild luivc cut tlie haul stones sintKilhIv. The pictures 
themselves soniclliiies. as in tins case, indicate the kind of Duds in Use and the methods of 
usiiiM them 

(date fixed at about three thousand B. F.) Herodotus speaks of the 
immen.se sums of money which must iuive been spent for tlie “ iron ” 
with whieh the builders worked; anil in the Freat Pyramid there was 
found a fragment of an iron tool which must be at least live thousand 
yeans old, eontaining a small percentage of carbon. Then; is good 
reason for believing also that the working of steel as well as of iron was 
known to and practiced by the carlv (Ireeks and others, perhaps as far 
hack as ten centuries B F. 

Ancient Steel Making. -- .^s to the method making of the common 
steels of antiquity, b^ le is certainly known. The iron to he converted 
into steel .apjwars to have been made in a sort of crude Catalan forge; 
gnd as iron has a strong affinity for carbon, it is ])robahle that in forg¬ 
ing iron which had been long in contact with the fuel and therefore 
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had taken up some carbon, it would be found somewhat harder and 
stiffer than common iron, and on that account more suitable for tools. 
Among the very ancient Egyptians, it is said, pieces of meteoric iron 
were heated in close contact with the fuel and kept at a high tempera¬ 
ture, just below the melting jmint, for a long time. The absorption of 
carbon was of course sufficient to make a superior iron, or steel, of the 
pie(;e so treated. The next step in the development of steel no doubt 
was the accidental droi)ping into water of a wnl-hot tool of some kind. 
The superior hurdtiess and usefidncss of such a tool would certainly 
lead to further experiment and more carefid treatment. Whether or 
not this was the actual course of events in the <levelopment of ordinary 
steel, it is certain the ancients possessed some remarkably good steel 
implements and knew pretty well how to u.sc them. 

The ancient method of working metals W’as by forging, chiefly. If 
this di<l not give a suitable result, or if a sharp cutting eilge was reejuired, 
recourse was had to abrasives. Machinery being practically unknown, 
it was impossilde for primitive men to do much in the way of metal 
cutting, although indeed it .seems tliat graving or hand cutting of some 
kind was practised almost if not (piite as far back as tin' time of Tubal 
Cain Certain it is that the art was jjracticed among the Chinese long 
before the Christian era began. 

Ancient Metal Cutting. — Not however until the beginning of wdiat 
has aptly been called the age of machinery, whicli dates back scarcely 



Permiaaion of The hon and fiieel Magazine. 

Fia. 2. A primitive furnace for smelting iron and pnalueiiig atetd. Tlin ore and fuel lie in the fore¬ 
ground. In charging the furnace, thewt were cniricd up (lie rude slcfia carved m the hillaide agaiuet 
which the furnace was creeled. 

more than a century, did the real development of metal cutting begin. 
A crude form of the lathe had been known for a good many centuries, as 
long ago indeed as the days of Solon, in the sixth century B. C.; but 
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this improved but little upon the tedious and laborious hand-cutting 
process. The arrival of steam i)ower made possible the development 
of relatively heavy and powerful machinery, and permitted the large 
development of cutting tools. 

Wootz, Damascus and Toledo. — From the earliest limes the quality 
of steels varied greatly. The celebrated wootz steels of India, and 
Damascus made at the Syrian city of the same name, and later at Toledo, 
in Spain, were examples of superior steels suscoi>t.ible of extraordinary 
tempering. They both, however, wore crucible steels, and the latter 
is also said to have contained strong traces of tungsten, nickel, man¬ 
ganese. and similar elements important in the now high-speed steels. 

Production of Wootz. - Wootz is a steel of high quality, the manu¬ 
facture of which reaches back to very ancient times. Aristotle, the 



Fig. 3. Sertioii of a crufU* catahin forttp, Htill to wopn in rpmoto placp.'*, in whiph st<*el is often niadp 
directly from the orp Tin* charcoal and on'. Ilip latt-cr in small lumps, an; phargod at the level of 
the flt>or or a little above. Ah the reduetion proctHtdi, a more oi Iphh steely lump, the "loupe,” 
collects at the butlom. 

Greek philosopher, describes it as nearly as 3.50 B. C. or thereabouts, 
and tells us how it was made. Other anrient writers in the subse¬ 
quent centuries likewise make mention of it. This steel still is (or 
at any rate until recently was) fabri(^ated by some of the remote 
mountain peoples in the north of India. The method of manufacture 
is essentially the same .as that described l)y Aristotle nearly twenty- 
three centuries ago. First the iron is extracted from the ore in a sort 
of rude clay Catalan '■ .ge, perhaps built against the side of a hill. The 
result is a lump of sponge iron, whitih is hammered to make it more 
dense and to rid it of as much of the iinmeltcd ore and cinder as may 
be, The lump is then broken into smaller pieces, hammered again, 
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and afterwards placed in a specially prepared small clay crucible, holding 
about a pound of metal. Along with the iron is put .some finely divided 
wood, and a few green leaves, the latter laid at the top of the charge. 
The crucible.s are luted up and placed in a diminutive furnace of clay, 
generally a bare two feet in diameter, conical, and sometimes partly 
below the surface of the ground. The blast is furnished by a pair of 
skins blowing through a bamboo and clay tuyere. 

After several hours the crucible is tested for complete fusion of its 
contents, by being shaken; and if the melting is complete, the crucible 
is allowed to cool, to be later broken open. The result, if sncce.ssful, 
is a small luni]) of exceedingly line, smooth-surfaced steel, which takes 
a remarkable temper. 'Phis steel has been used almost exclusively 
for swords as far back as tradition runs; and it has been said of VVootz 
blades, as .also of Damascus, that w'hon properly tom|)ered and skill¬ 
fully handled they would cleave a bar of iron without losing edge. It 
has been declared also that a blade of wootz has cleanly cut a wisp <if 
silk floss tossed into the air. 

Crucible Steel among the Chinese. — This i)roduct of ancient skill 
seems to have been little if at all known, as an aiticle of commerci^, to those 
nations who have done most, towai'd the advancemctit of civilization 
through the development of the steel ami iron-making art. Nor, 
apijarently, was it known to them that steel was produced in eastern 
Asia contemporaneously with, ami as now seems established, long 
before wootz was made in India. Recent arclneological discoveries 
indicate that a kind of crucible steel was known to and made by the 
Chinese probaldy many centuries before the Indian product. The 
method by which the Chine.se steel was prodmted is not yet known. It 
probably was something like that practiced in India; the more ,so since 
there are indications that both these peo|)les may have learned the 
process from a common source, a j)eople living in the plateau between 
the two lands. 

Manufacture and Nature of Damascus. — Damascus steel likewise was 
a crucible steel. It differed from wootz however, and from other 
steels as W'oli, in one respect. Those familiar with its appearance are 
aware of the curious veining or liguring seen on the surface. This 
characteristic, adding greatly to the beauty of a finished surface, is 
due to thin strips of soft iron alternatitig with .similar strips of steel, 
ami these thoroughly welded, twisted and otherwise completely wrought 
together. This steel was first made, as far as known, at the ancient 
Syrian city (.said to be the oldest existing city in the world) whence it 
derives its name, and doubtless also is of great antiquity. The Scrip¬ 
tural reference to “ iron from the north,” together with other allusions 
in Scripture .and the historical references to the (fhalybes (whence is 
derived the Greek and Latin names for steel) indicate that the region 
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north of Damascus, if not that city itself, was a renowned center for 
steel manufacture hundreds of years liefore the beginninj!! of the Chris¬ 
tian era. 

Virtues of Ancient Steels. —The vii tues of Damascus steel were made 
famous throughout the western world by the crusaders, and its manu¬ 
facture was at a later period established at Toleilo, in Spain. Toledo 
blade.s came to have a repute almost as great as those made at Damas¬ 
cus. It is stated that they |)ossesscd tempering qualities as remarkable 
as those of wootz, and that they were sometimes packed in boxes curled 
up like clock springs of our day. 

Whether or not the.se ancient steels p<issessed all the remarkable 
qualities attributed to them, (hey certainly were marvels of their time; 
and indeed they remain marvels in our own time. Nothing superior 
tf> them, in respect of tempering (piality, h;is been produced by nuxlern 
methods of steel making. It is certiiin that .all of the steels mentioned 
wei'c at some time f>r other used for tools of various sorts, very likelv 
for use in the metal-culling arts Cor the latter purpose, however, 
they possessed no striking advantage over other steels. 

Variability of Primitive Steels. -The i|uality of ancient steels, and 
of tho.se prodiii'cd up to a comparatively recent lime, varied greatly. 
Considering the methods of manufacture and the diversity of ores 
used, this is mil siirjirisiiig Some ores would coiilaiii elements wanting 
in others: and in the proce.ss of forging, or perhaps of ('xtraction, certain 
tools would be in idoser and longer contact with the fuel and would 
therefore absorb more carbon. Modern mamifacluring methods make 
if possible to eliiuinal.e all these uncertainties, and it is coiiiiiaratively 
easy to produce continuously steel of practically constant ipiality. 

Development of Metal Cutting.- 'I’he development of metal cutting 
was, until a few years ago, brought about almost wholly through the 
evolution of the machine by which the tool was made to do its work, 
and scarcely at all through the development of excellence in the tool 
itself, except in so far as it was found that varying shapes gave varying 
results. The steel, its nature, and the method of treatment, remained 
much the same as for centuries before. 

With the development of powerful machinery, however, it was soon 
found that there was a limit to (he amount of work to be got from a 
tool for cutting metal. 'I'he tenacity with which the particles of a 
homogeneous mass of steel, iron, or similar tough metal cohere makes 
it no slight matter to drive a tool into the mass or force off a portion 
of it. A small graver in the hand can easily make a scratch in the 
surface of an iron nlatc; but to remove a chip say a ipiarter of an 
inch by three-quarters, a cut by no means unusual nowadays, involves 
the consiin.ption o. an astonishing amount of power. Now the energy 
used up in making a cut, is partly, of course, converted into latent energy 
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stored in the chip with its clwnged form and changed relation of con¬ 
stituent particles; and partly into sensible heat at and near the cutting 
point of the tool, which heat is taken up by the tool, the chip, and the 
piec(! being machined. The chip being relatively small and continu¬ 
ously changing in respect to the particles of metal at the cutting point, 
rarely gets so hot as to show a color higher than deep blue, and not 
often that. The i)iecc machined is i-elatively large, and readily absorbs 
and conducts away it.s portion of tlie heat, which is a small part only 
of that generated. Tlie tool, however, is continuously at work, and 
absorbs a good deal of the heat generated. Now if the tool be worked 
heavily, whicli is to say usually if the cutting .speed be relatively high, 
the cutting edge ipiickly gets .so hot as to draw the temper and make 
the ordinary carlxm steel tool useless. 

Endurance Limit of Tools. — Evidently there is a limit to the amount 
of work such a tool is capable of doing; and this limit, the snair.s pace 
at which it has heretofore been necessary to carry on metal-cutting 
operations, has been an anomaly in modern industry the chief character¬ 
istics of \vhi(di are magnitude and speed. There is a vim and vigor 
about wood-working operations as seen in a modern shop, which is 
e.xhihirating. A large spindle, for example, is shaped while revolving 
at the rate of two or three thou.sand turns per minute, the rate, of course, 
depending somewhat u])on the size and nature of the wood. A steel 
shaft of similar diameter revolving against an ordinary tool at a very small 
fraction of the same number of turns woidd almost instantly “ burn ” it. 

Maximum Speed with Carbon Tools. - Carbon steel, .as heretofore 
used in tools, no matter how W'ell hardened, has not enough toughness 
and hardness to withstand the rubbing of the chip for any considerable 
length of time, even w'hen not run fast enough to affect the temper. 
Tlie tool therefore dulls; and this dulling proceeds in a sort of geomet¬ 
rical ratio as the cutting s])ecd increases, being augmented by the draw'- 
ing of the temper which accompanies rapid cutting. The speed in all 
metal-cutting operations has therefore had to be comparatively slow, 
no matter how |)o\verful might be the machines in use. Thirty feet 
of chip ])cr minute, as any machinist knows, has been considered rather 
good work; while fifty feet per minute has been very unusual. Under 
ordinary circumstances the management of a shop was pretty well 
satisfied if the machine tools could maintain an average speed of twenty 
to tw'enty-five feet per minute. 

Such deliberation, necessary though it has been, is depressing in 
this era. .4 creeping mass of metal turning leisurely round and round 
or moving back and forth, as has been customary in the average shop, 
is quite out of harmony with the modern spirit of expedition and hurry. 
But while a few dreamed of the possibilities of nutting metal, some 
time in the future, with something of the vim with which wood can be 
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cut; and while machines had been developed so tremendously as to 
leave scarcely anything to be desired in that respect; nevertheless tlie 
ultimate limit seemed to have been reached. 

But it had not. 

Similarity of Ancient and Modem Steels. —For at least a thousand years, 
and probaldy for several thousand, there had been no single important 
advance, no one striking development, in the nature and c.haracteristics 
of steel, in respect to metal-cutting qualities at any rate. The property 
of becoming hard, possessed in common by all steels, and distinguishing 
them from ordinary iron, is due to the presence of carbon dilTu.sed 
throiighout the mass of the metal. How the presence of the particles of 
carbon brings about the virtue of hardeidng is yet a matter of di.scu.ssion. 

The Modem Science of Steel Making. — Modern steel making is a fact 
only because the science of chemistry, itself scarcely a century and a 
half ohi, has made it po.ssible to understand that there i.s an affinity 
of certain elements for certain others and that under given conditions 
exactly the same combinations can be expected in chemical compounds 
and aMoys. The prehistoric steel makers had no idea that in tiring 
iron with certain fuels they were carbonizing it, actually forming of 
the iron and fuel a new substan(a! which contained bcside.s iron the same 
element which in one form constitutes charcoal, in another graphite, 
and in a third, diamond. That, however, is exactly what they did. 

Blister and Double Steel. — The method of the very ancient steel 
makers, excej)! as already noted, was e.ssentially the .same as that com¬ 
monly in use up to comparatively modern times. The bar to be car¬ 
bonized was heated in close contact with charcoal or other suitable 
fuel. In later times this was done in a sort of double muffle furnace, 
.and the cementation or carbonization was more even and complete. 
Steels thus made however, were found to be only skin deep, .so to speak; 
for since the (mrbon merely soaked in and combined with the iron nearest 
to it, evidently the central portion was less completely carbonized than 
the exterior, and except po.ssildy in very thin bars wa.s generally quite 
ilevoid of the hardening element, even after ten or twelve days’ treat¬ 
ment. In later times, when the inutfle furnace came into u.se, steel 
thus made was known as blister steel, from the blisters or scales appear¬ 
ing on its surface during the proce.ss of carbonization. This steel is 
not den.se and uniform enough for line tools. It was known for many 
centuries, however, that hammering (and later rolling) so as to “ work ” 
it thoriHighly, greatly improved the quality and u,sefulne.ss for tool 
making of such “ cementation ” steels. An improvement upon this 
method was that breaking the bars into lengths, bundling them, and 
then welding together. The “ shear steel ” thus produced was of much 
better texture and uniformity, but was not so good a.s the “ double ” 
or “ double shear ” steel which was made by repeating the proce.ss a 
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secund time. Damiiseus socm.s to liave ))een made somewhat in this 
fasluon, blit after tlie desired iiiiiforinity iiad lieen otitained in the steel 
itself, thin layers of the steel and of fine iron seem to have been again 
weldeil together The grainy or “watered” apjiearanee'of l)ama.scus 
is .saiil to be due to tlii.s streaking with iron. 

Revival of'the Crucible Method. “ Shear ” or “ double ” steel was 
of eoiirse a great deal better ada|)ted to edge tools than any produced 
by the earlier methods; but it still had the disadvantage of being more 
or le.ss streaked and .s])otted, for no amount of haniniering or rolling 
could entirely eliminate the ineijiialities of carbonization iiy the cemen¬ 
tation jiroccss. It was not until alioiit the middle of the eighteenth 
century that a method of overcoming this ilefect was discovered, .\liont 
that time one, llnnlsman. was astonishing other makers of lilister .steel 
by the alwoliitely iiniforni texture of his steel. It lacked th(> “ seams ” 
or streaks characteristic of the other steels of that day, and hardened 
uniformly all the way through. Keejiing a process or method secret 
was at that time considered the only way of distancing conpietitors, 
and Hiintsnian and his workmen managed to keep their trade secret to 
themselves until the enxv of a coniiielitor, so the story runs, imposerl 
iijion their hiimanitv and learned the secret On ))retense of .seeking 
.shelter one stormy night this coin])etitor, according to the tradition, 
appeared at tlie forge where the wonderful steel was made, ami was at 
last admitted for hiimauity's sake. What his e.xjiectant but astonished 
eyes beheld was so absurdly .sim]ile that he may well have wondered 
why he and others had not thought of it also It was in fact nothing 
but the melting of the broken jiieces of blister steel in .i crucible Of 
course the steel made in such a way would be uniform, for each crucible, 
at any rale Had the spy but kiiowui it, however, he beheld a process 
W'hich in its e.ssential features was centuries old; for .as the reader has 
already seen, crucible steel has been known in some jiarts of the world 
since time immemorial. 

Later Methods. — Steel made by Huntsman’.s method came to be 
known as “ crucible ” or “ cast ” steel. The first name is still con.sidered 
a sort of trade-mark for steel made in this way, though there are many 
other steels nowadays made in |iots or crucibles and in one sense there¬ 
fore entitled to be so called. This crucible steel at once came into favor 
and held its position as the tool steel fair excellence until the introduc¬ 
tion of iniishet steel and the siibseiiuent develo])ment of the Taylor- 
White process. The result of these advances was something e.ssentially 
different and in every way superior for most, if not indeed for all, tools 
used in the metal-cutting arts, and perhaps also for all cutting pur- 
po.ses. The only important change in manufacturing crucible steel was 
made by the elder Miishet about the lieginning of the last century. 
Instead of melting blister steel in the crucible, ho used refined iron 
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(scrap (ir ))ar) mixed with .some carhonaceous compound. The soft 
iron was thus carl)onized in aliout the .same w.ay as (he sponge iron in 
making wootz. Steel i)roduced in this way. however, had not the ex¬ 
cellence of that made in India; nor even of the hlister-cruciiile steel of 
Huntsman. Some fairly good steel is Ihus made, hut usually it needs 
to be thoroughly “ worked ” t.o.make it den.se and goml enough for fine 
tools Later Mushet mi.xed pig-iron with the contents of the crucible; 
and (Ins is still usually done excc|)t when the blister-crucilile steel is 
reipiired. 

.\ peculiarity of crucible steel is that it must be ‘•dead-melted" or 
else it is liable to be more or le.ss porous and otherwi.se imiierfoct. This 
consists merely in allowing the melted steel to remain thud in the crucible 
for a half hour or more, bidore pouring 

Open Hearth Steel. - Many attmupts haxa' beim made to jirodiice as 
good a steel by other methods, whereby (he cementation |>roeess could 
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be avoided. There have been, and still a.re, many forms of open hearth 
furnaces which produce a fair (pi.ality of steel ihroct from pig or from 
refined iron; and *' bessemer proce.ss has been greatly improved and 
modified in so far as results are eoiicerned. Hut neither of these type 
processes iiroduces a satisfactory (ool steel, though some very good 
results have been secured fivirii cciiuiii carefully made open-heartli steel. 9 . 
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In the open hearth furnace (Fig. 4) from five to nearly one hun¬ 
dred tons of steel can be made at a heat, whereas the crucible process 
makes but fifty to one hundred pounds per pot. Essentially the open 
hearth proces.s consists in remelting old steel scrap and mixing with it 
pig iron, which is either melted at the same time or else brought in the 
still liquid condition from the blast furnace in which it is made. The 
proportion of pig iron will vary all the \vay from ten to nearly one hun¬ 
dred per cent, depending on the state of the market, the quality of steel 
to be made, and other like conditions. Pig iron is an impure iron con¬ 
taining three to four per cent of carl)on, one to two per cent or more 
of .silicon, sometimes phosi)horus, manganese and other impurities. 
The impurities arc diluted by the mixture of steel scrap, and are furthe' 
reduced (hrough oxidation Ity iron ores added to the furnace charge 
for the purpose. Wlien the bath is iwrified to the desired jmint, man¬ 
ganese and a little silicon aic ad(led to rid it of dissolved oxygen. 

Open hearth steel is used in immense (piantitics in machinery and 
structural work, but makes tools inferior to those of crucible steel.' The 
heats arc large, which nece.ssitates pouring them into large-sized ingots, 
and these are softer and inferior in tlie center after cooling. The man¬ 
ganese added to cure the superoxidatiori is not a perfect antidote, and 
it is impossible to prevent imperfections in steel made in this way, or 
to obtain such a uniformity of hardness as is required for the best tools. 

Bessemer Steel. — In the Hes.semer process, liquid pig iron is brought 
from the blast furnace and poured into the converter (see Fig. 5) The 



Fio. !). Sf'Ption of a benaemor ronvorfor Siliron, mnnttanpat* and carbon iiit* r**njov(?d from the molten 
pig iron bv blowing air ibroiigh it The ronvrrier is mounted on trunnion.'i, T, one of which in no made 
that a blant of air pawsi through ii and along a duct. /), to the Iwttoni, whence it eomen up through 
openings, .4. in the bottom. Wlieii the metal iw judged to he in profier condition, the converter is 
rotated on the trunnions and Ihi* charge enipiied. 

* That is. inferior to erucihle steol math' in the manner debcrilied, for steels have 
been put upon the market under that name which are <juite inferior Though possibly 
they have been melted in a crucible, tlic name is misleading, and usually is intended 
to be 80 . 
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carbon and silicon in the metal are then burned out by blowing a spray 
of cold air bubbles through the molten bath. Thi.s combu.stion sui)])lies 
the heat which not only keeps the metal liquid, but even raises its tem¬ 
perature some hundreds of degrees, and white hot flame pours from the 



Fio. 6. The bfssenier converter in action. 


mouth of the converter during the ten minutes or .so while the purifi¬ 
cation proceeds. After practically all of the carbon and silicon are 
removed, the predetermined dose of melted iron rich in carbon, man¬ 
ganese and silicon (known as the “ recarbnrizer ”) is jamred into the 
converter to rid t.' metal of .sui)eroxidation ami give it the desired grade 
of carbon, and it is then c.ast into ingots. 

Bessemer steel is still more liable to irregidarities and imperfections 
than open hearth, and is unsuitable for good grades of tool steels. 
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Electric Steel. — The production of steel in the electric furnace is the 
only other important process in use today, and by this means electrical 
energy is substituted for fuel in producing the necessary heat. The 
metal is entirely protected from oxidation in this process and is capable 
of a purification unattainable by any of the others. The steel is said 
to be superior even to crucible steel, and to l.)c made at a less cost. 



CHAT’TER TI. 


SRI.F-HARDENINCi' AND HIGH-SPEED STEEI.S. 

Manganese-Bessemer. — Ttio additidii <il' inanganose to tlic ('.(intents of 
the bosseiner c.onverter made it possililc; to work tlir steel freely while 
hot and helped give hes.seincr steel its well known ]iroperties. H was 
Uoliert F. Mnshet, hini.self interested in steel inannfaclnrc, who sng- 
g('sted the addition of inangainsse in the making of hessenier. Ho 
did not stop with the results his suggestion ipiickly lirought about, 
but eontinuod making exjieriinents for the improvement of ordinary 
steels. He had at this lime no idea of improving steels for use in tools, 
partieida.rlv; but was working primarily to get the best possible steel 
for ordinary use While carrying on these experiments, however, ho 
made a discovery of far-reaching importance to all those industries in 
which metal cutting is practiced 

He discovereil self-hardening steel 

Discovery of Mushet Steel. Ordinary steel, owing its hardening 
property t.o the pre.sence of carbon, has been hardened from time ini- 
memoi'ial by (pienching in water while at a red heal, as is well known. 
If allowed to cool slowly, as in the aii'. it i,-. loo soft for use in tools. 
During the course of his experiments, sometime in I.SItS, Mushet found 
that one of his bars ,s(>enied to have the properly of becoming hard 
after heating, viithoiit I he usual (|uencliing This circiimslanco was 
not merely singular, il was astonishing, and contrary to all jireviotis 
e.xperience. Possibly it marked a. new epoch in steel making Analysis 
of the bar behaving so singularly showed lhal it contained a percentage 
of tungsten. 

Properties of Tungsten Steels. - Not only did the bar containing 
tungsten harden without the customary (|uenchiiig, but it was actually 
harder than ordinary steel which had been (pienched. Il occurred to 
Mushet that this extraordinary circumstance might be turned to advan¬ 
tage in the production of superior tool steel, and he accordingly set. him¬ 
self to develojiing tungsten steel with this end in view. Ihe result of 
experimenting with hundreds of metal mixtures in the crucible was a 

' ,M(i.shpt sleds son'll • mio lo Umnvn in Kiigland as “ sdf-liardening.” After a 
time the term "air-liardetiing” \(:i.s u.sed nioie or le.ss in tlie United Stales along with 
"self-hardening” In this iinok the tenn “.self-hardening” will l)e used to refer to 
nin.shet .steel, tliongh of course liigli-.s|)eed steels also .'oc ])art,ially sdt-liard On the 
continent high-.spee(l steels are frequently known as “ ra|iid steels ” 

la 
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steel alloy nmoh itioi'e satisfactory than any other then in use, which 
possesst'd th(! property of heconiing very hard by mere exposure to 
the air. 

Improvements in Air-Quenching Steels. — It was not until after the 
steel had come into somewhat general use that it was discovered by 
Mr. Henry Gladwin, then associated with Mr. Mushet at the Clyde 
Steel Works, Sheffield; ami by several other engineers almost at the 
same time, tliat still better results could be obtained if the cutting 
portion were reheated and then cooled in an air blast. This discovery, 
In Mr. Gladwin's case, at any rate, was the result of laying some bars 
of mushet steel on the earth lloor of a smithy, near the door. A draft 
swept over the cooling bars, and they wore later found to be superior 
to bars (a)oled where, there was no <lraft. Later exi)eriments showed 
that cooling in an air blast was still better; and that further improve¬ 
ment in tlie ((uality of tools could be made by bringing the color to a 
full sca,llng or almost yellow heat during the re-hcating. This, however, 
was not usually done by toolsmiths, and in consequence most users 
failed to work mushet tools at their highest efficiency. 

Mushet Steel in Engineering. -The new steel was immetliately put 
upon the market umler the. name “ R. Mushet’s Sjiecial Steel.” The 
company orga,nized for its manufacture and sale, however, did not 
succeed well iti birsiness; and .some three years later the production of 
mushet steel was taken over by Samuel Osborn & (to.. Ltd , at the 
Clyde Works, Sheffield. The wide introduction of the new steel into 
engineering works, and its imitation under the name of air- or .self¬ 
hardening steel quickly followed. 

A sidistanti.al advance had been made in the art of cutting metals. 
It was j)ossible to t.urn and ])lanc (.at first the use of mushet steel was 
limited to the.se ojierations) at double or triple the former speeds; and 
to machine pieces formerly quite too hard for the tools available or so 
hard as to make the cost of operation prohibitive. Even after their 
general use in engineering works, mushet tools were but little used for 
increasing speeds — most usually only to save frequent grindings or 
to permit doing jobs previously impossible. 

It was not until a full quarter century .after mushet or self-hardening 
steel had become an established fact in engineering that the marvelous, 
and in the light of all previous experience paradoxical, properties latent 
in it were clearly appreciated, and the industrial world caught a glimpse 
of what promised to he a revolution in machine shop methods. 

The Taylor-White Investigations.—The discovery of the possibilities- 
in tungsten steel, like that of the nature of the steel itself, was for¬ 
tuitous, if indeed not accidental. In both cases the circumstances 
that led to the .discovery were quite undesigned, and the discovery 
merely incidental to something else. As far back as 1894 Mr. Fred W. 
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Taylor began cxpcriinentiug with imishet and other self-hardening 
steels with a view to determining whieh was best suited to special kinds 
of work. Thi.s was but a single feature of his program of improving 
shop efficiency and of determining a logical system of shop management. 
Shortly after taking charge of the Bethleliem works in 1898 he a.ssociated 
with him.sclf Mr. Maunsel White and others, for better prosecuting the 
work in hand. After careful tests had been carried on for a time it 
was decided that a certain make of steel, with proper heating in the 
tempering proce.ss, could lie run at higher speed than any of the others; 
and it was thereupon decided to adojit this make for exclusive use in 
the shops 

In order to demonstrate their superior elficiency to all the foremen 
and thus be sure of hearty co-operation in making a. change of so great 
magnitude as was involved in changing a large ))roj)ortion of the tools 
then in use, a number of tools of various kinils of steel were ordered 
carefully dressed, tempered, and ground to exactly the same shajrc. 
The foremen were then as.sembled to witness the comparative perform¬ 
ances of the tools. To the astonishment, and we may well believe 
chagrin, of the demonstrators, the tools made of the .selected steel failed 
to make a good showing. In fact they jiroved to be inferior to any 
others in the lot. That is, they could not be worked at. as high a speed. 

Very naturally so unexjiected a circumstance would arouse the curi¬ 
osity and interest of such keen investigators as were Taylor and White. 
It had to be accounted for; and so another investigation was set on foot. 

The range of heating, in the ca.se of carbon steel tools, as is well under¬ 
stood, is rather miiTow. Air-hardening steels have a still narrower 
but higher range; and the excellence of a tool de|)cnds upon the care 
e.xercised in heating it to just the nece.ssary temperature when “ draw¬ 
ing ” or tempering. The first thought that occurred to Taylor and 
his a.ssistants naturally was that the heat treatment of the tools w’hieh 
failed had been faulty; that very likely they had been under-heated. 
Whether this was so, or not, seems not to have been definitely deter¬ 
mined. One thing however, was determined; namely, that a series of 
experiments should be undertaken to find out just what would be the 
effects of various degrees of heating, ranging all the way from a black 
to temperatures considerably beyond what had been i)reviously thought 
permissible. 

The High Heat Treatment. — The results of the experiments were star¬ 
tling indeed. When the investigators were in the midst of the work laid 
nut, it was 7-ealized that they had made a discovery which upset all 
previous beliefs a.- i.o tin effects of heat upon steel, and which was 
apparently bound to bring about ultimately a revolution in machine 
shop practice. It was nothing less, indeed, than that steels of the 
tungsten cla.ss instead of being ruined by high heats, were actually 
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improved so greatly that cutting speeds became possible which pre¬ 
viously had been only dreamed of; the discovery, in fact, of the high- 
•speed qualities inherent in these alloy steels when subjected to the 
su])er heat treatment. 

Nothing sur])rising was noticed until tools were heated consi<leral)ly 
higher than had l<een customai'V, so high indeed that in the light of all 
ex'perience the treatment was ruinous. Tools thus suj)erheated were 
not ruined, but on the contrary stood u]) to their work better than tho.se 
giv(!n the usual treatment; and apparently tlie highc]- the heat treat¬ 
ment, the better the tool. For unnumbered centuries it had been 
lielieved that steel must not be heated b(!yond a red; but here were 
tools which not only were not ruined, but which got better the higher 
they were heated. 'I'he heating, it was found, could actually be carried 
up to the melting point; and a tool so treated wo\dd c\it more metal 
and <lo it more rapiilly than one not raised to so high a tejnperature. 

'File deterioration of tools which had been heated to near STF) degrees 
C. (101)1) F.) was not surprising; for it was previously well understood 



that all steds were damaged b\ being heated .so high as this — though 
indeed. Mushet recommended heating lus air-hardening steel to a full 
sc.-ihng oi’ almost yellow luait. which is not far from 121)0 degrees ('. 
(2200 F.). 'Fhis deterioration is shown in Figure 7, which indicates the 
relative cutting speed possible with mushet steel when heated to tem¬ 
peratures varying from 800 to ItloO degrees ('. (H.'ifl to 1900 F.). The 
sniprise came when the fools were heated to beyond 92.*) degrees 
('. (1700 F ), for with each very slight increa.se of temperature u.sed 
in hardening, the cutting power was increa.sed to an extraordinary 
extent. 

Improving Air-Hardening Steel. — 1'ools of this sort were not, however, 
wholly satisfactory. The cut was rough, and it was by no means cer¬ 
tain that the alloy used w'a.s the best for this sort of treatment. The 
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discovererM, not satisfied witli the resvdts already attained, began to inves¬ 
tigate the effect of varying the proportions of the alloy and of the intro- 
<liiction of other elements. The outcome of a. large number of trial 
mixture.s was a steel capable of doing from three to six times as much 
work as had previously been possible, and which required for tlie develop¬ 
ment of its greatest efficiency a heat treatment which would utterly 
ruin ordinary steels. 

True, it has l)ecn pointed out that tungsten and other hardening 
elements besides carbon wei'e present in some steels of r’crv ancient 
manufacture, and the tungsten-chromium-manganese steels with which 
these experiments were carried on had been known for some years, 
'I he method of higli-heat treatment mn'crtheless was certainly nmv. 
though it would seem that the Mushet ex))eriments and recommended 
practice, if they did not (|uit,e anticipate the 'Taylor discoveries, ap¬ 
proached very close to them, I'iven if it liad been known, the combina¬ 
tions of alloys in the ancient steels referred to were quite iucairable of 
developing the j)owers which modern high-s[ieed steels accpiire through 
the high-heal ju’ocess, and the old musliet steels noe<led modifying and 
improving to a<lapt them in the higliest degree to tlu; new methoil of 
treatment 

Rivalry in Experimentation. - - For .some time the discoverers managed 
to keo]) their process to themselves and to the shops to which they sold 
the rights; l)Ut a discovery of sucli far-reaching importance was bound 
to become known. Imleed they had no intention of keei)iug it secret 
exce])t as a means vviierebv they might be emdiled to carry on furtlnu’ 
investigations. As soon as the uatui’e of the new steel and the ))roce.sses 
of treating them became generally known to the technic.al and engineer¬ 
ing world, and theqaissibilities of high-speed cutting were, in some degree 
a|)])rehended, manufacturers of tool steel on both continents at onc(^ 
began to vie with one another in tlieir elTorts still furthei' l,o perfect the 
tungsten steels and to enlarge the rang<^ of tlieir usefulness. In the 
aggregate an immen.se amount of money has becm spent in experimenta¬ 
tion with a great variety of mixtures and methods of manufacture. 
One m.anufacturer alone tried over two himdre(i difl'ercnt mixtures and 
another worked some four years before the product was thought satis¬ 
factory. Others have no doubt carried on experiments on a scale 
equally large, and possibly larger. At the time of this writing (1909) 
there are perhaps a hundred different brands of high-speed steel u|jon 
the market, and new brands of the so-called “new,” “ improved,” or 
“ superior ” high-speed steels are multi])lying at a rate which bids fair 
to double the numb-, withi ■. a short time. 

Faults of Early High-Speed Steels. 'The first high-siieod steels, 
though of .astonishing cutting and wearing (pialities, were not adapted 
to finishing and other fine work. Their coarse, granular structure. 
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perhaps, did not take a cutting edge such as would leave a good finish; 
and so the new tools were used mostly for coarse and heavy work. 
This defect has been, in some if not in all brands, completely overcome; 
and high-speed tools are now in use not only for the finest grades of 
metal cutting, but for wood cutting, which certainly is an extreme te.st 
of the smoothness of a cutting edge. It may be thought strange that 
high-speed steel should be used in a wood shop, where speeds have for 
a long time been as high as is expedient and safe. There is no particular 
gain in s|)eed in wood cutting. The advantage in putting high-speed 
steel tools to this use lies almost wholly in their superior wearing (piality. 
The immediate first cost usually is greater, but the life is incomparably 
longer, while the cost of maintenance is trifling. This of course is 
important where many such tools are used. 

Marvels of the Hew Tools. —The thing in the w'ay of running ordinary 
tools at high speed when working on metals has already been showm 
to be the overheating of the tool near the cutting edge, and the con- 
seipjent drawing of its temper, w'hich is of course quickly follow'ed by 
the ridibing away of the edge and the ruin of the tool. This .scries of 
stei)s follow's as a result of the friction of the chip bending and sliding 
over the tool. The high-speed steels are not, within certain limits, 
thus affm'ted. Indeed, they seem almost t.o require abuse in order to 
bring out their highest capabilities. It is a common experience in shops 
that tools of thes(^ steels will not work to the best advantage until they 
have been run a little while and “ warmed up.” The speed capabilities 
and cutting pow'er of these tools are indeed marvelous, compared with 
former experience. Thirty feet of chij) per minute is a good i)erformance 
with carboti tools; and the average on such work is not likely to be 
much over twenty, in a well-i'cgulated shop. A hundred feet per minute 
has been mentioTied as the extreme record of carbon-steel tools; and 
under ordinary conditions rarely is it possible to attain fifty feet con¬ 
tinuously. Hut high-speed tools in more than one shop cut a hundred 
and filty feet and more as a regular performance, and higher speeds 
still are not at all unusual. Though this is several times ;r.s fast as was 
formerly ))o.ssible, and is jjerhaps about twice the average in ordinary 
shop practice with the new tools, it is by no means the limit. It has 
been demonstrated th.at such tools can be worked uj) to more than three 
hundred feet ])er minute; and it is claimed that a speed of four hundred 
feet has been maintained continuously in cutting carbon steel with a 
<'omparatively small cut (J inch) and a slight feed. Mr. J. M. Gledhill, 
a well-ktiown authority on the subject, has a.sserted (Proceedings of the 
Iron and Steel Institute, New York meeting, October, 1904) that five 
hundred feet is attainable. 

At the Paris'exitosition of 1900, where high-speed toots were first 
publicly demonstrated, there was shown a lathe tool working for con- 
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siderable periods at a speed so great that the nose of the tool was red 
much of the time. In present regular practice tools are not permitted 
to get red hot, for softening to some degree inevitably takes place 
and the edge does not hold up. The chips as well as the tools of course 
get hot; and the former often come off with a deep-blue color when cut 
at a very high speed. 

The Chip Problem. — The removal of steel chips, when coming off so 
fast, is in itself a problem. In one test the .services of two laborers were 
recpiired to keep the machine clear. The total amount of metal removed 
in the case of some very large machines built witli the purpose of utiliz¬ 
ing the new tools to their limit, is prodigious. Obviously there is nothing 
but disadvantage in removing metal unnecessarily: but there are cases 
where heavy cuts are unavoidable, and even economical. Under these 
circumstances it is n(}t uncommon for cuttings to be removed at the 
rate of tw'o thousand pounds per hour. Nor is this by any means the 
limit. There are rc'corded tests where double this rate has been at¬ 
tained for short periods. In actual everyday practice it is not unusual 
for a tool to cut several'hundred i)ound.s of (diips jier day, and that too 
without having to be ground more than once or twice. 

Inadequacy of Old Machine Types. The pressure exerted in taking 
heavy cuts and the power required to drive machines at the high speed 
demanded by the new tools are tremendous. In a test, already men¬ 
tioned, the stress ujion the tool was in excess of one hundred tons. To 
resist such forces and to hold the tool and work firmly in proper relation, 
ordinary machines are (juite inailequate. Macdiines a few years ago 
considered paragons of efficiency are. since the advent of the new steels, 
able to utilize but a fraction of the total efficiency of the took and while 
there is usually consi<lcrable advantage in the u.so of l.he new tools, it 
is only by using extremely heavy and rigid nuudiines of the newer type 
that the full advantage is to be secured. 

Revolution in Machine Shop Practice.- -Revolutions do not occur 
in a day, especially in the imlustrial world. There have been great indus- 
tri.al changes, several of them indeed, within the hundred and some years 
.since handiwork ceased to be the chief agency in production. But 
these changes have been rather in the nature of evolutions. \ new 
discovery or method gradually made itself nece.ssarv, and after a time 
there wa.s a new order of things in which the former methods, once the 
standard of efficiency, became antirpiated and had to be abandoned. 
High-speed steel evidently is one of those discoveries which will eventu¬ 
ally bring about a new regime in the metal-working industries. And 
while there is smali •■'.elihcod that things will be very quickly upset, 
the carbon-steel tool made obsolete and the machine of yesterday’s 
design antiquated, it now appears certain that after a few years carbon- 
steel tools will have a small place anywhere. Kven razors are now 
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soiiiotimos made of liifth-spoed steel and are said fo liold an edge better 
than earbon steel. 

It is true that the new steels are as yet little known in many shops, 
especially the simdlor ones, and that they are used very stingily in many 
large ones. The high cost seems to deter many from using them, and 
perhaps also in some cases the failure of first trials made without a satis¬ 
factory knowledge of how to make or use the new tools. Tungsten, 
molybdenum, and other like, steel-hardening metals are rare, and con- 
seipiently exiiensivc, costing as high as $7 a pound in some cases. 
'I'he mamd'acture of high-s|)eed steel likewise is a more expensive pro¬ 
cess than that of making carbon steel. Of course for high-class tools 
crucible steel has been generally used; and crucible steel costs more 
to ni.ake than that pnxiuceil by other processes. But even so, crucible 
steels sell us low as live c(‘nts, and occasion.ally even less, per pound; 
though the better grades, tho.se most commonly used in tool making, 
sell anywhere from ten to twenty cents a pound, according to the graile: 
whereas ordinary high-speed steels sell for sixty to seventy-five (;ents 
per pound, and the “ improved ” steels run considerably higher in price. 

Efficiency of High-Speed Tools.— Mventiiallv, no doubt, as processes 
.are simplified, the cost will be milch lower. Mven at the present high 
cost, howci’or, considering what it, is capable of doing, high-speed steel 
is usually cheaper in the end It has bcim a not uncommon experience 
that the cost of machine work on jiarticular parts has been reduced 
one-half or more, though of course this could not be possible in manv 
cas(‘s. If so, the industrial revolution in the metal trailes undoubtedly 
would not onlv be at hand, but ipiickly accomplished. If the time 
reipiired for cutting were all that entered into jobs of this sort, of course 
the cost reduction would be in proportion to the cutting stieed. But 
every user of tools knows that often more lime is reipiired to get ready 
for a piece of work than for doing it. Freipiently, indeed, the cutting 
time IS an in.signilicant fraction of the total required; and obviously 
in such cases small economy of time could be expected. Nevertheless 
it. is a rare case in which the tool-maintenance account is not capable 
of being reduced to a greater extent than the first cost is increased. 

Contrary to the general belief, the greatest saving effected by the use 
of high-speed steel ordinarily is not in the cutting of hard materials. 
The economy here is great, in general; but upon soft material it is prac¬ 
tically double what it is in the case of hard material. 

The Modern Way of Making Discoveries. — Many, perhaiis mo.st, of 
the iniiiortant discoveries which have made civilization what it is were 
accidental, or at any rate not designed. Fortuity nowuidays however 
)ilays a relatively unimportant part in discovery and invention. Even 
though an important idea be stumbled upon iindesignedly, its perfection 
into a useful invention usually involves painstaking development. Men 
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conc6iv6 problems and set themselves earnestly to their solution, calling 
to their aid all available previous experience and knowledge in science or 
whatever may have bearing upon the problem in hand. It does not 
follow that the problem is always satisfactorily solved. Likewise it not 
infrequently happens that an investigation started to get at one thing, 
eventuates in something else not closely related. At some point in the 
development there may be indications pointing to divergent or even very 
different lines of investigation, which if carried on intelligently lead to 
results possibly more important than those first sought. Something like 
thi.s was the d(!velopment of the high-heat treatment of tungsten steels. 

The problem to which Mr. Taylor had .set himself .some twenty years 
before his most important discovery, was the development of a rational 
system of shop management — one that would obtain the highest 
pos.sible efficiency in men and machines. Naturally, good tools, the 
best that could be made, were e.s.sential to such a system; and experi- 
me.itation along this collateral line came to be jjerhaps the most impor¬ 
tant of all. In the ])ursint of these investigations and the development ‘ 
of liigh-speed steel a very large atnount of money was spent, many 
tnistakes were made, and infinite patience was exercised. Something 
like fifty thousand recorded tests were made besides a great number 
Mot I'ecorded, and close to a million poniuls of steel and iron were cut 
into chips, the total expense having been estimated as not far from c 
.| 2 ()(),()() 0 . 

Since the tungsten steels and their peculiar treatment have become 
generally known to the industrial world, and others have undertaken 
to ex{)eriment with them, probably much more has been spent in their 
further development. And still high-speed steel is but in its infancy. 
Like other inventions, it will undei-go a pr()ce.ss of evolution, one so 
complete, let it be hoped, n.s to leave little to be de.sired in respect of 
its utility. There is undoubtedly still plenty of room for painstaking 
and patient investigation and experimentation. In spite of all which, 
however, high-speeil steel has already had a marked influence upon 
production, so that no shop <!an be said to be up-to-date which ignores 
its po.ssil)ilifies. 



CHAPTER IIT. 


NA'ITIRK AND {’HARACTKRISTICS OF 'PHK NEW STEEl.S. 

Alloy Steels. I’lifil coiiiijiirulivoly recent times the mime steel was 
^iveti by f;eneral consent to sucli a combination of iron ami carbon 
(.as W(^ now know), tosetlier usually witli slifiht ])roportions of certain 
other substances, as ])ossessed tlie qualities of high tensile strength, 
homogeneity, toughness, and ability to resist crumbling, and which 
when treated in a ])arlicular way became considerably hardened. Later 
the distinction betw'een steel and some vai'icties of iron became so 
slight that now it is very difficult to make a definition which will in¬ 
clude, even in the case of the carbon st(a!ls, all those iron alloys commonly 
designated steel, and which at the same time will exclude those of 
]iractically identical conqiosilion, though jierhaps of different structure, 
which are admittedly not steel. It is, in fact, impossible to draw a 
sharji line between mild steel, jiroduced in an open-hearth furnace, 
and iron made by the ]mddling or other jirocess, except for the presence 
of slag in imddle iron. The latter not infreijuently has a higher carbon 
content than the mild steel. Before the development of the modern 
processes, it was conqiaratively easy to decide whether a given sample 
was steel or iron. If it hardened on being quenched in water after 
having been heated to a good red, it was plainly steel. But mild steel, 
with its low content of carbon, does not harden any more than wrought 
iron does. With the advent of the newer steels still greater difficulties 
are in the way of a suitable ami jirecise definition, and it would be 
hazardous fo venture one here. It is sufficient for our purpose to take 
for granted that the name steel may properly be aiiplied to any alloy 
of iron with carbon, or of iron and carbon in combination with other of 
the so-called hardening elements, which permits hardening and temper¬ 
ing in a way to combine a relatively high tensile strength, reluctance 
to fracture, and resistance to crumbling. 

Nomenclature.—Since the discovery that substances other than carbon 
in virtue of their presence give iron the quality of becoming hard and 
tough under certain treatment, or at any r.ate assist carbon in producing 
this result, it has become necessary to make tlistinctions between the 
various kinds of steels, and it. is now customary to speak of them in a 
general way .as carbon, mushet or air-hardening, and high-speed or 
rapid steels.. Various other terms have been suggested, but have not 
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come into {General use, thouf;!! the term alloy steel is friujiieiitly used 
to dosiftnate all other steels than those dependin;; ii])on carhon chiefly 
for their specific (pialities. The alloy steels in turn are freipiently 
(le.sifinated as vanadium steel, tmifrsten steel, and the like, accordinf; 
to the (listiiifiuishinf: alloy; and liecause tuiifrsten was thf^ first .and still 
is the most common of the elements used in the alloy steels, they are 
often .s]Kd<en of a.s tunssten steels e\en though th.at element he in 
particular cases of minor imjiortance or (piite ahsenf . The several 
alloy steels are used for various purposes t(j which their individual 
characteristics particularly lit them. Ni<'kcl steel, for instance, is 
larireiv used for armor ))lates and projectiles, and chrome and vanadium 
steels are laryelv used foi' the structural parts of machinery suhjected 
to yreat strains, as in the ca.se of certain automohile parts. It is 
not with this use of alloy steels, however, that we are at present 
con -erned 

Composition of Ordinary Steels. Ordinary carhon sli'cl, such as has 
through the ayes heen u.sed for tools, contains small |iro])ortion.s of 
elements other than iron and carhon Somi' of these are useful and 
jicrhaps even ncci'ssarv to make the steel easily workahle, either in 
foryiny or meltiny This is the case of silicon and manyaiK'se Both 
lend to make steel .sound In- [irevenfiny the formation of hhmholes 
^ilicon, in the ipiantitics usually present in tool steels, has small, if any, 
effect ii])on the tool; ihoiiyh in steels for some other piirpo.ses, where 
the jiroportion of silicon iiiav he laryer. it causes stiffness and possibly 
also adds to the hardness When pre.sent in excess of say three or four 
per cent it causes hrittlene.ss and rod shortness. Manyaiiese acts as 
a sort, of antidote for suliihur, [ihosphoriis, and perhaps other impurities 
found in steel It t.eiiils to prevent red shortness, promotes the forma¬ 
tion of line and uniform crystallization, increa.ses lluidity when the 
steel is melted, and makes it easy to work under the hamnier or in rolls. 
Mxcess of nianyaiK'se, howi'ver, maki's steid cold short anil causes sur¬ 
face crackiny, es|iecially upon (pienchiny ('erlain other elements, 
however, as iihosphoius and sulphur, are not only useless hut di.stiiictly 
harmful; and the yreater the proportion of either |ire.sont, the more 
inferior the steel. Sulphur tends to make steel “ red short ” (brittle 
at a red heat) and therefore difficult to forye; while phos|)horus tends 
to make it “ cold short,” and therefore brittle when cold. .4 very 
minute ])ro|>ortioii of either will make a steel worthless for tools of 
almost any sort. Steel for ciittiny tools is usually expected to contain 
less than 0.02 per cent of either, thoiiyh in some imishet or air-hardeniny 
steel the sul|ihur am. phospooriis content have each heen found to 
exceed (I.O.') ])er cent. In extra special yrades both siilphiir and phos- 
phoru.s are kept below O.OOS iier cent. The followiny table, giving the 
percentages of the various constituents of crucible steel intended for 
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tools, indicates approximately the degree of purity required and the 
amount of carbon desirable in steel for the several purposes named. 


TABLE I. 



Iron 

Man- 

.SlIl- 

iSiil- I I’hos- „ . 

fjanpse 

con. 

pluir ,|iliorus 

Hammers and other l>atterinK tools 

99 040 

0 21 

0 21 

0 022 0 020'0 50 to 0 75 

Knives and sliears. hot ciittinj; 

98 93.5 

0 20 

0 18 

0 020' 0 015,0 65 to 0 80 

Drills, reamers, dies, etc 

Latlie tools, knives, eluscls, i-u* 

98 731 

0 18 

0 21 

0 015| 0 014!0 85 to 1 30 

98 520 

0 20 

0 20 

0 010 0 OlO'l 00 to 1 30 

Razor steel 

98 265 

0 22 

0 20 

0 006; 0 009; 1 30 to 1 50 

(Iraving tools, ete 

98 374 

0 16 

0 14 

U 014 0 01211 30 to 1 50 


Variations in Composition. — Of (■()urs(' the content of the various 
elements is not definitely established for tools intended for any par- 
ticidar >ise. The practice! of differ(nit steel makers varies, as also do 
the reipiirements of users, with res])ect to the composition of steels 
for s])ecial purposes. The above table therefore serves mainly to give 
some idea of the ])ractical applications of tin* varying proportions of 
carbon and other elements It will be s(^en that, ordinary (nirbon tool 
steels, s])eaking in a gener.al way. .are conslitnted of iron, very small 
ju'oportions of silicon and manganese in combination with carbon rang¬ 
ing from ()..') per cent to I..') per cent., and minute (piantities of im|niri- 
ties such as ))hos])horus and sulphur. The variations jiossible in the 
carbon content of tools is well illustrated in the analyses of three w'ell- 
known brands of carbon steel in use for lathe tools, who.se irerformances 
were practically identical. The figures are quoted in part from Taylor. 
It is seen that the percentage of carbon varies from O.tlSI to 1.240. 


TAIiLK II 


Sltrl. 

Iron. 

Mnngii- 

ncse 

Silicon 

j Siilpliur 

J’liosplioni-s 

(’url)on 

Timgsteii, 

Ill and Z 

98 524 

0 189 

0 200 

: 0 017 

0 017 

1 047 


II 

98 3,50 

0 156 

0 232 

1 0 006 

0 016 

1 240 

0.079 

s 

98 867 

0 198 

0 219 

0.011 

0 024 

0 681 



Constituents of Self-Hardening Steels. —Hesides carbon, manganese 
and silicon, self-hardening steel contains a considerable proiiortion of tung¬ 
sten, chromium, molybdenum, vanadium, or certain other like elements, 
generally in definite combinations, as hereafter mentioned. The silicon 
content is practically the same as in carbon steel, while the mSinganese 
is usually considerably higher, varying from rather more than one per 
cent to above three per cent according as the tungsten is high or low. 
High carbon also has been the rule in these steels, the jiercentage running 
say from somewhat more than one, to two per cent, and even higher, 
although the present tendenc}' is toward reducing the carbon content 
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in higli-speed steels, and it is occasionally found very much lower than 
one per cent. Chromium, when pre.sent, takes the place of a portion 
of the mangane.se or the tungsten, which latter ranges from about 4 to 
11 or 12 per cent. The analyses here given are characteristics of these 
steels. 

TABLK III. 


Stpci 

Carbon. 

Tiiiiffsten 

Molybfle- 

niiiii 

(^lirornium 

Maiijra- 

IKW 

Silicon 

Sul- 

(iliiir. 

Phos¬ 

phorus. 

Miiwlict 

2 150 

5 441 


0 398 

1 578 

1 044 



Midvale 

1 140 

7 723 


1 830 

0 180 

0 246 



B 

I 615 


4 5K0 

3 430 

1 650 

0 285 

0 016 

0 027 

r- 

1 750 

10 000 


1 000 

1 750 

0 060 



1) 

1 842 

11 5Xil 


2 694 

2 430 

0 890 

0 007 

0 023 

K 

1 220 

7 020 


0 078 

0 300 

0 ISO 

0 010 

0.017 


A Singular Anomaly.—Krom tin; fact of its containing rather more 
than 7 per cent of tungsten, the steel marked 11 would naturally be 
thought self-hardening, like the others. Tliis however is not the case. 
'I’liough it has a tungsten content aliont a halt greater than that of some 
self-hardening steels, this steel Inis no such projierty, when heated to 
the customary temperatures, at any rate, ft hardens only on being 
(|uenched in water, as is the case with ordinary carbon steel. This 
circumstance naturally raises the (|uestion as to what cau.sns tungsten 
steel to he .self-hard, and likewi.sc that of why steel of any kind becomes 
hal'd under certain conditions. 

Theory of Steel Hardening. -'I'lie] hardening of ordinary carbon steel, 
as is very well known, is accomirlished by heating the piece intended 
to be hardened to a red color ranging between a dark and bright cherry 
(something like 725 degrees ('. or b!.5t) h'.), and then (pienching it in 
a water or other suitable bath to about the normal temporaturo of the 
air. This process seems to change entirely the structure of the steel 
as seen under the microscojie. (kirefitl investigations into the nature 
of these changes have liecn made, and a number of theories_ or hypothe¬ 
ses have been advanced to account for, or r.athcr to explain them. 
The several hy])otheses differ more or le.ss among themselves; but tho.se 
that are most generally I'occived agree substantially that .steel may 
exist, according to temperature or quenching temperature, in three 
type forms. ,4t temperatures below 725 degrees or thereabouts, 
carbon steel is in the unhardened or annealed state. Between 725 
degrees (1 (12.50 F.) and S20 degrees (!. (1510 F.) it exi.sts in a hardened 
state; and above .S20 oegrees (.!. it exists in a state harder than the 
first and softer than th • second, and is at the same time very tough. 

The Constitution of Annealed Steel.—Steel is not a simple sub,stance 
but, as shown by the micros-ope, is a conglomerate of crystals of dit- 
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forent substances. For example, annealed steel containing 0.90 per 
cent carbon, consi.sts entirely of crystals having a pearly appearance 
under the microscope, to which the name of pearlite has been given; 
while in steel of less than 0.90 jjcr cent carbon the microscope shows 
pearlite with varying amounts of a substance called ferrite, the pro- 
j>ortion of which increases as the amount of (uirbon decrea.se.s from 
0.90 per cent. Steel of more than 0.90 per cent carbon consists of 
pearlite again with varying amounts of silvery white crystals of cenien- 
tite. The properties of a steel depend upon the i)roperties of pearlite, 
feriite and cementite, and upon the proportions in which those substances 
exist in it. 

Graphical Illustration.—The amount of pearlite. ferrite or cementit(^ 
in different compounds of iron and carbon is shown graphically in Fig. 
12, in which the distance from the axis GO' will represent the amount 
of carbon in the material, and the vertical distance al)ove the a.xis HII' 
in the differetd, areas there shown, will represent the ))ercentag(!s 
of pearlite, ferrite, or ccmeidite present. For example, a line drawn 
from .‘1 to A', which is at a distance from axis GO' correspomling to 0.90 
per cent carbon, will be entirely in the pearlite area, and will show that 
this steel contains lt)0 per cent of jjcarlite, as before stated. Steel 
ro])resented by the line ilrawn from H to IE, which is halfway between 
.1.-1' ami GO', will contain 0.4,') j)er cent cai’boti, and will consist of .50 
j)(M' cent pearlite and .50 p(!r cent ferrite. 'Phe line drawn from C t-o C" 
will represent material containing d.7.5 i)er cent carbon, and will lie 
one-half in the jiearlite area and one-half in the cementite area, showjng, 
therefore. .5t) per cent pearlite ami .5t) per <’ent cementite. The material 
re])resented by the line 00' will cont.'un no carbon and consist entirely 
of ferrite, .and tluv material re])resonled by the line PP' wilt contain 
0.6 per cent of carbon and consist entirely of cemeidite. Hy a similar 
method' we can determine from the chart (Fig. 12) the proportion of 
pearlite, ferrite, or cementite in steel of any percentage of c.arbon, it 
being umhu'stood that combiiual carbon only is considered here, free 
carbon, which is what w(^ call graphite, not being a normal constituent 
of ordinary steel. Knowing the properties of pearlite, ferrite and cemen¬ 
tite, and determining from the chart the proportion of each in steel 
of any given carbon, W(; (am estimate from these data something of the 
characteristics of the steel in (jiiestion when it is in the annealed condition. 

Properties of Pearlite.—Steel (consisting (entirely of pearlite has the 
finest crystalline stnudure of any carbon steel, and this is accompanied 
by the greatest strength and a high degree of hardness. When annealed, 
this steel also has a (h,f,.ee of toughness, so that it can be bent double whih; 
cold, and a wire of ab-mt J- inch diameter (can even be tied cold in a knot 
without cracking. Furthernmre, it is capable of re(ceiving, by hardening 
or tempering, the greatest possible (combination in a carbon .steel of 
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two valuable properties for cutting work, viz., hardness with absence 
of brittleness. True, tempered steel with less than 0.90 per cent 
carbon will not be so brittle as pure pearlite steel, but, on the other 
hand,- it will not be so hard, either; and tempered steel with more 
than 0.90 per cent carbon will be harder than pure pearlite steel, but 
will also be more brittle. 

Properties of Ferrite. —Ferrite crystals contain theoretically no carbon 
or other impurities; in other words, they consist of pure iron. There 
is no material sold commercially corresponding to pure ferrite, but the 
purest forms of irons, such as Swedish wrought iron, electrolytic iron, 




Fia, 15. Poarlito (black) segregated in ferrite. Fig. 16. CJcmentito (black) with contaiood 

patches of ferrite. 

Dr. H. C. H. Carpenter. Both X 250. 

and the most refined products of the electric smelting furnace, come the 
nearest to it. Those who are familiar with Swedish wrought iron can 
therefore judge of the properties of ferrite, and need not be told that 
they comprise great toughne.ss, softness and ductility, together with 
high electric conductivity and magnetic strength. Crystals of ferrite 
in cutting tools therefore will decrease their ability to cut, but at the 
same tirne increase their toughness. 

Properties of Cementite. —Cementite crystals contain 6.6 per cent 
carbon and are a chemical compound of iron and carbon, known as 
iron carbide, and having the chemical formula FejC. Pure cementite 
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does not occur commercially, but its crystals can be separated chemi¬ 
cally from high-carbon steel, and its properties studied from them. The 
characteristics of cementite are its brittleness, lack of strength, and 
great hardness, which latter is not increased by the ordinary processes of 
hardening or tempering, and cannot be decreased by annealing because 
annealing of pure cementite breaks up the chemical compound and 
converts it intf) a substance similar to annealed malleable cast iron. 
Even when cementite is itiixed with a large proportion of pearlite, 
annealing or even heating to a bright red will break up the compound 
to some extent and precipitate some of the carbon, and this is the 
source of specks of graphite occasionally found in steehs containing free 
cementite, that is, in steels with 1..50 per cent carbon and more. 

Effect of Heat Treatment on Steel. —The constituents mentioned above 
are those normally found in steels which have cooled .slowly from the 
temperatures at which they were cast or rolled, or in steels which have 
been annealed. All of these constituents are changed by heating to 
higher temperatures, and this is the effect of what is called heat treat¬ 
ment, viz , hardening and tempering. 

Changes Occurring on Heating Pearlite. —When steel consisting en¬ 
tirely of pearlite is heated to about 715.5 degrees 0. (135.5 degrees F.), 
it undergoes a change in structure and properties. The pearly appear¬ 
ance under the microscope is lost and we see a homogeneou.s white 
substance made up of polyhedral (u-ystals to which the name of austenite 
has been given. At the same time the molecule of steel becomes hard 
and loses the power of being attracted by the magnet, so that at this 
high temperature, and above it, steel is non-magnetic so far as the 
ordinary test shows. When the steel is again cooled slowly below this 
temperature, the austenitic structure changes back to pearlite, the 
molec>\le loses its hardness, and the magnetic property reappears. 

Effect of Heating and Cooling of Pearlite with Ferrite, or of Pearlite 
with Cementite. —Most of the sl.ecls used for cutting tools are, by 
compo.sition, chiefly made up of pearlite. Plvcn if there be some fer¬ 
rite or some cementite present hesifles the pearlite, the (^hange.s occur¬ 
ring in the steel on heating and cooling have idtimately the same 
effect as that just described, although they occur in a somewhat dif¬ 
ferent way. which will be explained later. For the present, therefore, 
the changes in all carbon steels will be <a)nsidered as if they were merely 
from pearlite to austenite and austenite back into pearlite. When 
steel with le.ss than ().9t) per cent (uirbon is heated to about 7.35 degrees 
C. (1355 degrees F.), all the pearlite in the steel change.s, as before de¬ 
scribed, into austenii^, out the ferrite remains as ferrite for the time 
being. If the heating continues, however, ferrite is gradually alworbed by 
the austenite with each rise in temperature. When there is as much 
as 25 per cent of ferrite (that is, if the steel contains 0.07 per cent car- 
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l)()ii), the ferrite is not all absorbed until a temperature of about 770 
degrees (1. (1415 degrees F.) is reached. When the steel consists of 50 
per cent pearlite and 50 per cent ferrite, the ferrite is not all absorbed 
until a temperature of nearly 800 degrees ft (1462 degrees F.) is reached. 
However, even when there is as much as 09 per cent of excess ferrite, this 
ferrite is all absorbed and the mass converted into austenite by the time 
the temperature has risen to 935 degrees ft (1715 degrees F.). 

If we have cementitc present in excess of the pearlite, instead of 
ex(*ss ferrite, this cementite is absorbed into the austenite somewhat 
more slowly than the ferrite was. Kven with only 15 per cent of excess 
cementite (steel of 1.90 per cent (uirbon) the temperature will rise 
to the point where melting begins (1150 degrees C. or 2102 degrees F.) 
before the last of this cementite is absorbed. With 9 jier cent excess 
cementite (steel of 1 ..50 ])er cent carbon) the (etuentite is all absorbed 
by the time the steel has reached 925 degrees C. (1097 degrees F.). 

It is eviilent now that all steels .are converted completely into the 
non-magnetic austenite, with the har<l molecule, upon heating to a 
sufficiently high tem[)erature, and it will not generally be necessary 
hereafter to distinguish in this regard between steel consisting of pure 
pearlite and that consisting of pearlite with cementite or of pearlite with 
ferrite, since the oidy effect of the e.xcess substance is to raise the tem¬ 
perature at which t.he conversion becomes complete. The .jame relation 
holds good in the cooling of these steels. If there is e.xcess cementite 
or excess ferrite present, ,as the case may bo, the excess is first precipi¬ 
tated at a somewh.at higher temperature than the change from austenite 
to pearlite, depending upon the amount jiresent, and finally, when all 
this excess is jirecipitated, the residual austenite is converted into 
pearlite. It is to be remembered, however, that if the carbon is below 
9.99 ])er cent, ferrite is later absorbed into the austenite on heating and 
precipitated in advance on cooling, w'hile, if the carbon is above 0.99 
per cent, cementite is so absorbed and precipitated. 

Lag. One characteristic of the change from pearlite to austenite on 
heating, and the reverse change from austenite back into pearlite on 
cooling, de.serves sjiccial notice; that is, it is a somewhat tardy one and 
does not take place instantaneously. On the contrary, it requires a 
few moments for its comidetion. We express this In^ stating that the 
change lags behind the tenqierature to some extent, and this tardiness, 
or lag, is greater the more rapid the heating or cooling is. We may 
liken it to the tail of a comet. If the comet is traveling through space 
at a very rapid pace, its tail wall dr.ag out behind it for a long distance, 
but, if the comet is tr.aveling with a relatively low speed, the tail may 
almost keep pace with it, and may even .surround it. So, if we heat pure 
pearlite steel very slowly, so that it may take many hours, or even days, 
to reach a bright red heat, the change from pearlite to austenite may 
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occur all at approximately the same temperature, and if then the steel 
be cooled equally slowly, the chaiiKe from austenite l)a(d< into pearlite 
may also be completed all at the same temperature. It has been shown 
that under these condition.s of very slow heating and cooling, the change 
from pearlite to austenite on heating will occur at practically the same 
temperature as the reversion from au.stenite to pearlite occurs on cooling, 
although, with the ordinary rate of heating, the change from pearlite 
to austenite is not completed until a temperature of about 7d5 degrees C, 
(1355 F.) is reached, and with the ordinary slow cooling in the furnace 



FlO. 17. CurvcH ah(,wiii« relative Ii»calii>Dand miture of criticiil rails, ‘h in iiif,li-ai„‘(‘d and in cnrlion Htoola 
The lower j»oaj(ion of the Poolin« rei-alcsrenee rauge, timnpured with the healiug mtige, i- shown also 


the reversion from austenite to jiearlite does not occur until the tem¬ 
perature has dropped to (iOO degrees C. (1274 F.). This dillerence in tem¬ 
perature on heating ami cooling is not because the change is not a truly 
revensible one, but meiely because it is a tardy change and lags behind 
the temperature in both directions. To return to our simile of the 
comet; If we can imagine a comet traveling with great speed from 
west to east, with its tail extending a long distance behind, it would 
have to pass well beyond a given iioint before the last of its tail would 
reach that point. If now we should suddenly reverse the direction of 
the comet, the momentum of the tail would still carry it on and the comet 
itself would hir e had to pass some distance beyond the given point in 
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the opposite direction before it would have again dragged the last of 
its tail beyond that point. We might even imagine the return of the 
comet to be so extremely rapid that it would become separated from a 
part of its tail, and leave it behind, beyond the given point we have 
been considering. 

Theory of the Hardening of Steel by Sudden Cooling. —If any carbon 
steel be heated to a high enough temperature, it will be entirely con¬ 
verted into au.stenite. If now the steel in thi.s condition be cooled with 
great raiudity, we may bring it to the atmospheric temperature with a 
part of its moliMudes still left in the austenitic condition; and since the 
austenitic molecule is much harder than the pearlitic molecule, it is on 


€. 



Fill l^i rirnrluHl rodiirlioii Jiiid firml fJi.saiipcamnro of iiuirkpd variafions m thr rur\r fapparont fiif- 
jippearHiif'r of rorali'scoiin* point'j) on coohne from incn'asinitlv hichor tpiiiperfifiiroi From I>r. 
}1. ('. H. C’urponter's jmpci, "l’o.>iMib|o J\li-thociy of ImprovioK Modern High-Speed Turniog Tools." 

this princi])le that the hardening of sled by sudden cooling is cx])lained. 
No cooling has ever been so rapid, however, as to obtain all the molecules 
in the austenitic condition, hecau.se, although the idiange from austenite 
to pearlito is a tardy one, it is not so slow that we can got away from it 
altogether. 

Influence of Carbon on the Hardening. -I’liere are some conditions, 
however, which aid in keeping some of the steel in the austenitic con¬ 
dition. Olio of these is the influence of carhon, which tends to ohstriict 
the change and make it more tardy. Thus, with 1.00 per cent carbon 
in steel, and witli very rapid cooling, we may find under the microscope 
as much as 70 per cent of the mass in the austenitic condition, but this 
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is about the maximum that has been obtained up to this time by quick 
cooling and carbon content only. 

Again, the importance of carbon in this re.spect is shown by the obser¬ 
vation that, unless some carbon is present, we cannot retain any of the 
steel in the austenitic condition, no matter how rapid the cooling or 
what other elements — tungsten, manganese, chromium, etc.—be pres¬ 
ent. We may cool it with such extreme rapidity that it is brought 
to the temperature of the atnio.sphere in the austenitic condition, but 
with no more than trace.s of carbon ])re.sent it gradually changes over, 
even when cold, to the pearlite condition. We may cxpre.ss this by 
saying that we can catch, or trap, the austenite in tlie steel l)y means 
of cpiick cooling, but wo cannot “ fix ” any of it there except with an 


PiQ. 20. Martfinwitt* and oeiiipnlite 
completely neparated. X 1,000. 

influential ])ropori.ion of carbon. The tendency of austenite to revert 
to the normal, or i)earlitic, condition at all tem])eratures below 700 
degrees 0. (1202 F.) is so strong that it will do so even when cold unless 
carbon is j)resent .as a fixing agent. The colder the steel, the more 
slowly the reversion proceeds, however. 

Martensite.—In order to understand the nature of high-speed steels 
and the reasons why tungsten and otinu- elements, together with the 
special heat treatn}ent refpiired, produce the effect they do, wc must 
recognize another constituent of steel whi(di is intermediate between 
pearlite and austenite, and to which the name of martensite has been 
given. Martensite is ))robably never a normal constituent of steel, but 
occurs only as a tran.sition stage in the change from austenite' to pearlite. 

' Alpha, Beta, and Gamma Forms of Iron. — Although a knowledge of the nature of 
austenite, martensite, troostite, and pearlite is not necessary to an understanding of 
high-speed .steels, there are many no doubt who wish to know as much about the tools 
ns it is possible to learn. In order for us to understand the distinction between these 
different constituents in ' Jened and tempered steels, we must first understand the 
varying and compound nature of iron itself 

Puiv iron at atmospheric temperatures is the most magnetic substance known to 
man, with the exception of a recently discovered silicon steel alloy, which it is ndt 
necessary for us to discuss here. Mflien this pure iron i.s heated to and above a tern- 
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That is to say, austenite changes first into martensite, but, as this has 
no normal place in steel at any tem])erature, it should change at once 
into pearlite. It is to be observed, however, that the change from 
austenite to martensite is a very quick one and most difficult to prevent 
or obstruct, while the change from martensite to pearlite is a much 
slower one. Martensite is liarder and more brittle than austenite, and 
also more bulky; so that the steel e.vpands when it change.s from austen¬ 
ite to martensite, and then contracts again when its proceeds further 
to the pearlite stage. This expansion explains the occasional bursting 
of steel tools during hardening. 

Fixing the Austenite and the Martensite. — ^The usual heat treatment 
for hardening tools, which con.sists in raising them to a bright red heat 
and then ])lunging into cold water, is not 
quick enough to prevent tl>e change from 
ausicnite to martensite. .4ustenite can only 
be fixed at atmospheric temperatures when 
(1) tlie cooling begins from a strong white 
heat, wdien (2) it is the most rapid possible, 

■■mil when (2) the carbon is over 1 per cent. 

The method of cooling usually employed for 
this extreme rapidity is to ])lunge the white 
liot steel into iced brine or some other liquid 
cooled well below the freezing point of water. 23_ Austemte. xtioo. 

lOven under these extreme conditions only a 
part of the austenite can be pre.served unaltered. 

The usual process of hardening produces martensite in the steel, 
whose hardness, as has been stated, is greater than that of austenite. 
Unfortunately, however, this hardness is ataaunpanied by too much brit¬ 
tleness to withstand the shocks of service, and generally some of it has to 
be sacrificed for the sake of durability. This sacrifice is made by means 
of a tempering |)r()cess. 

Tempering. —It has been already said that the colder, the steel, the 
slower the change from austenite to pearlite, after it has been trapped 
by a hardening proce.ss. Advantage is taken of this fact in the com- 


perature of 700 degrees (t. (1400 F.), it loses almost completely the power of being 
attracted by a magnet. At the same time the iron changes its electrical conductivity, 
its foiiu of crystallization, and other properties. If the heating be continued, the 
form of crystallization and other properties change again at a temperature of 890 
degrees ft. (lO.'it F.). In short, pure iron can radically change sonu^ of its properties 
at different temperatures without changing its compo,sition or individuality. Because 
the iron remains iron all *'■ dme, we therefort; call these different forms in which it 
occurs “ allotropic modifications.” That condition in which it exists at atmospheric 
temperatures we c.dl Al|)ha '-on (a); that at temperatures between 700 and 890 degrees 
C. (1400 and 16.'i4 F.) we call Beta iron (;9);and that above 890 degrees C. we call 
Gamma iron (y). 
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Fig. 24. Ciirvos sIiowiuk ol»>arly the lower rritical point — thnl eonneeted with the phenomena of 
tempering. 


Movements of the differential galvanometer, about A size Dr. II (' H. (’’urpeiiter, Jouriiul of tht Iron 
unil fmlUutv. 



Fio. 2.'). Curves comparing softening or tempering ranges of carbon, self-hardening, and high-speed 
steels. From Dr Curiienter’s paper, “Possible Methods of Improving Modern High-S|>eed Turning 
'Pools “ 
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mon process of tempering. If we have fixed some martensite in a carbon- 
steel tool, we can “ let it down ” toward the pearlite stage to any desired 
degree by gently heating the tool. Softening begins by this process at 
a temperature of about 200 degrees C. (392 F.). This proceeds more and 
more as the temijcrature is raised, and usually is as complete as desired 
before we reach a temperature of 400 degrees C. (752 F.). All temper¬ 
ing after hardening will therefore take plaice at the temperatures between 
those mentioned, and in fact 99 per cent of all tempering of carbon-steel 
cutting tools is lietween 200 and 300 degrees (k (392 and 572 F.), while 
it is only those comparatively few' tempered articles who.se hardness 
mii.st be ))lentifully sacrificed for the sake of toughness, such as springs, 
screw drivers, cold chi.sels, etc., in which we let down the martensite by 
tempering above 275 degrees C. (527 F.). 

Temper Colors.—Nature has fortunately provided a tolerably accurate 
am' convenient pyrometer wherelry the extent of tempering may be esti¬ 
mated by eye; for, at about 200 degreesC. (392 F.) the steel assumes a 



2C HeatfttI to 780 (it'Krees C X 180 Fit; 27 Heated to 730 degrees C. X 1,000. 



Fig. 28. Heated to 680 degT-efs C. X 1,000. Fio. 29 Heated to 730 degrees C. X 1,000. 
Change in microscopic appeara of high .jpewl steel due to “low hent“ treatment. Composition of 
steel sho'B’n in Figuma .36 and 37, C 0.G8, O 3.01, W (tungsten) 19.37; that shown in Figures 34 and 
35, C 0.67, Cr 8.18, W 12.5 t^er cent. 

very light lemon color. As the temperature rises, the color deepens to a 
faint yellow and then to a straw, pink, light purple, and so on, to a deep 
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blue. The approximate eorrespondence of these colors witli the differ¬ 
ent teniperaturoH is shown in the frontispiece of this book. Ihe 
temper colors are due to a film of iron oxide which forms on the bright 
surface of the steel and which gets thicker and thicker as the heat 
progresse.s. 

Tempering in Oil. —Steel is sometimes tempered, not by the 
bination process just mentioned, whereby it is first brought to the marten¬ 
sitic stage by hartlening and then let down towaials the j)earlite stage 
by warming until the desired “ temper ” i.s obtained, but by cooling 
with intermediate rapidity in the first instance, such as by plunging into 
oil when at a bright red heat, instead of intf) v/ater. In this way the 
martensitic stage is not so completely fixed, and tlic moderately rapid 
cooling produces the same effect as it we first cooled with greater speed 
and then let down the martensite by temj)ering. 

Troostite. —Tcm))ered steel consists wholly or partly of troostite, 
which is a tran.sition stage between martensite and pearlite. Troostite 
is softer and tougher than martensite, so that the toughness of tempered 
steel will depend u])on the rel.afive projwrtion of troostite in it, and this 
latter will depend in turn >i])on the amount of tempering. Some troos¬ 
tite is found even in hardened steel unless it has lieen quenched from 
a tenii)er.‘iture nearly a white heat and far above tlie “ critical point,” 
i.e. the point at which j)earlite changes to austeidte on heating, and 
austenite reverts to j)earlite on slow' cooling. 

Nature of Austenite, Martensite, Troostite, and Pearlite. —In the present 
incomplete state of our knowledge of tlie constituents of hardened and 
tenipered steels, we must acce])t all theories ‘ .somewhat tentatively. 
However, the indications at present are that austenite is a solid solution 
of carbon^ in gamma iron, that martensite is a .solidsolution of carbon 
in l)eta iron, and that troostite is a solid solution of carbon in alpha 
iron. Theoretically neither beta nor alpha iron cati be maintained in 
solid solution w'ith carbon, and therefore austenite is the only stable one 
of these solutions, and martensite and troostite must be con.sidered .as 
unstable constituents and merely transition stages between austenite 
and pe.arlitc. In other words, when the solution of gamma iron falls to 
the temperature at which it breaks uj), it changes to the solution of beta 
iron; this being an abnormal solution at once breaks down into the 
.solution of alpha iron (provided of course that it is not obstructed), 
and the alpha solution being also abnormal breaks down into pearlite, 
whieh is not a solution at .all but a mere mixture of crystals of ferrite 

^ The theory of .steel hardening hor(' outlined is sutrst,antially that jiroposerl by Pro- 
fe.s.sor Howe, whielt Is perhaps as widely accept (d as any other 

* Wh(*re we speak of solutions of carbon in gainina, beta, or alpha iron, it is to be 
observed that the carfron may Ire dissolved directly in the iron, or it may be in the 
fonn of iron carbide, or eernentite, and thi.s dissolved in the iron. 
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and opmentite so fine in strnidure tliat tlie liiKti jmiwcm's of the ndero- 
scope are necessary to show its strueture. 

Effect of Manganeseon Hardening.- Manganese has the effect of 
delaying the change from austenite to ])e;n'lite, and of acting as a fixing 
agent for the austenite, hut hotli of these inlluences are different in kind 
from the inliuencc of carbon, ('arbon hinders the cliange by making 
it slower. -Manganese, on the other hand, makes the change occur at 
a lower temiierature. That is to say, instead of the change on heating 
and cooling taking place at about 701) degrees ('. (I2t)2 lb) it occui's 100 
or so degrees lower when there is 1 per cent of niangane.se jiresent. 
fl'ith 2 |ier cent of mangane.se, the change occurs at a. lower tem])era- 
tnre still, and linally i\ hen there is as much as 12 to 20 ])er cent of 
manganese iiresent, it oi'curs at a temperature below that of our atmos¬ 
phere. In other words, as 12 percent manganese steel cools from the 
tcii.|ierature at which it is made, it ordinarily never gels .so cold that 
it will change iner from the austenitic to the pearlilic comlilion. There- 
lore, manganese steel, which, as usually made, contains between 12 and 
l.'i per cent of manganese, is what is called a self-hardening steel, mean¬ 
ing that it is normally in the austenitic or martensitic comlilion, and 
that even annealing will not change it to the ixsirlitic condition. 

Heat Treatment of Manganese Steel. .\s has been .shown, the chan.ge 
from austenite to martensite is a veiw ipdck one, and dilhciilt to prevent. 
'I'hus even manganese steel, if alloweil to cool slowly in llu' mold into 
which it is poured, will be wholly or jiarlly in th.e martensitic stage at 
atmospheric lem|ieralores In this condition it is not only ver\ hard, 
but also very brittle lly healing it to a white heat (over 1000 degrec.s 
('.or I.S:i2 I'), and cooling lery rajiidly, as by plunging it into ice-water, 
we can, however, entirely lix the austenitic stagi* in this steel. This 
fixation of the austenitic stage makes the steel not so hard as it w'as 
when in the martensitic comlilion, but still very much harder than 
in the pearlilic. It is also very tough; but unfortunately it has such a 
low elastic limit that the thin edge of a tool will not stand iiji under 
the shocks of seiwice, but crumbles away, so that manganese steel is 
not suitable for making cutting tools. 

Effect of Nickel on Hardening. - 'I'lie effect of nickel on hardening is 
the same in kind as that of manganese, but it takes about twice as much 
nickel to produce this effect. .As ordinary nickel steel contains usually 
only 3., per cent of nickel, and as it. reipdres about 2.5 per cent to bring 
the tem|)erature of the changi' below that of the atmosjihere. commercial 
nickel steel is not a self-hardening steel, but is used for other jiurposes. 

Effect of Chromium on Hardening.— The effect of chromium on harden¬ 
ing appears to be simihr to that of carbon in .so far as making the change 
more .slow is concenieil. With 1 to 2 per cent of chromium in steel and 
about 1 per cent of carbon, we can get a mnch more intense degree of 
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hardness by means of rapid eoolinf;, hut not without. That is, the steel 
is not self-hardening. Although chromium alone will not make a steel 
self-hardening, yet chromium with a few per cent of manganese (much 
less than that present in mangane.se steel) will produce this result, 
(diromium also has the effect of increasing the clastic limit of steel, 
especially when it is combined with vanadium. Tlie hardne.ss imparted 
by chromium is not accompanied by as much brittleness as that induced 
by carbon. When the steel contain.s chromium, the amount of carbon 
is reduced, since the extreme of hardness is not desire<i, and toughness 
may be gained thereby. Tools below 1.50 per cent of chromium are very 


I’erccniagp of ('urboii 

0.89 0.41 0.77 0.80 0.71 1.27 



Fio. ^30, Effprt of olirorniiim on lensUo nirpngth and fla-stif* limit. From ‘'St.eel and Its Uses,” by 
J'ldniund F I.uko. 

tough and e(Tectiv(! in cutting soft joatcuials. High-chromium tool.s, 
containing up to 5 or 0 per cent chromium, are very hard and effective 
upon refractory materials. 

Mushet Steel. —tHiromium with tungsten will also produce a .self¬ 
hardening steel, although neither of these elements alone will have any 
such effect. The condunation of tungsten with a small amount of 
mangane,se w'ill also reduce the temperature of change below that of the 
atmosphere. The famous old mushet .steels, which were the first .self¬ 
hardening steels, were of this composition and character. Without 
either a little chromium or a little manganese, however, no ajiiount of 
tungsten would produce such an effect. The anomaly exhibited by 
the last steel mentioned in Table III is now explained. That steel con¬ 
tains more than 7 per cent of tungsten, but only 0.3 per cent of manga¬ 
nese and little more than a trace of chromium, neither of which is 
sufficient in amount to make the steel sfdf-hardening. 

Effect of Tungsten. —Tungsten acts first as a strong obstruction to 
all the steps in the change from austenite to pearlite, so that when W’e 
have 7 per cent or more of tungsten present, a moderately rapid cooling, 
even .such as allowing the bar to cool in the air, will prevent the change 
to pearlite. Indeed, when tungsten steels are fo be annealed and the 
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pcurlite stage protluced, it is necessary that the cooling shall be very 
slow indeed, occupying several times as long as the annealing of normal 
carl)on steels. 

Tungsten acts .secondly as a powerful fi.ving agent for martensite. 
It has l)een already shown tliat martensite is not stable in normal carbon 
steel even after it has been induced there by hardening, unless the metal 
be kept cool. Warming it up to the so-called temper heats changes the 
martensite over to troostitc, and if the heating be continued, even the 
effective hardno.ss of troostitc is lost long before the steel reaches a 
red heat. The presence of 7 per cent or more of tungsten, however, 
increa.ses the stability of martensite so much that the steel may be heated 
well above the tempering heals before the martensite even begins to 
break down into troostitc or pearlite. 

Red Hardness, lied hardne,ss is the quality of hardness when at a red 
hea , and tungsten inquirts this to steel under certain conditions, for a 

lIcnliitK Ciiivfsof lli«h Spccil Sleds 



(Tlie Steels weip provioUBlj' healed to 1200'’C.) 


Fifi. 31 Curvrs showing the locHhoti of tTitical points Afx, Ar-?, and .4r,. in high-Hpood steelfl, and the 
location of the range wh rt m rfd-hardiicMS is lost. Taken from Dr. Carpenter’s papers. 

time at least. That is (o say, we may cut with a tungsten steel at so 
rapid a rate that the p- int of a. tool will reach that temperature where 
it almost begins to glow in a dark room, and still the steel will retain its 
hardness for many hours. Finally, however, the hardness is lost to the 
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xteel liy i-oin.'iiiiiiis CMintiTiuiill}' at this tciiipenil hit, and modern ])ra(d,i('e 
is opjio.sod t<i workiii}; the tool at such a. rapid rad' (See Appendix B.) 

Heat Treatment of High-Speed Steels.- It is mm- jxissihlc to explain 
the theory of the effect ])rodiiced by the special heat li’eatinent applied 



lo<!. 32. (X I.IO). FU!, 33 1X 1,00(1) 

MicrtiHropic slriK'ltirc of t.hr now of u liieh-sp«*(‘(l sti'ol tool nftor ontdiin .il it'- mtixiimirn for 20 

iiilijiil(‘'‘ Louk wliito ausicijitir >(icjik> iinh(“d(k'tl in n nmilciiMtic sliiictiin- krom ('. A KdwanlH’ 
p:i[)ri. “Ttio ol Chronniiin ainl T’uiiksIoii in Uinh-SiM'od Steel.’' J'ntrndl nf the /mu ari'l 

Stvd Inditulf 

to liigh-siieed tools. The first treatment, that is, a moderately rapid 
cooling from a very high temjierature, is sufficient to retain tlie .steel 



Fhi 111 Tool used m 'Psiylor e\in‘rinient.s luii at .i high euttmt^ .'.peed upon ii .-^teel fottritiK 'I'lie nicks 
wen‘ hleil in with an ordiiiHrv file tdlei iJie tool was lakoii off tlie woik The tool evKlenllv is <jmte 
soft. III spite <>t hiivinn u1 th<- same time a high flcgree of red*hardness to enable it to .stand up untlei 
heavy tUily. From Tavlor’h Heport 


chiefly in the austenitic condition by virtue of tlie tungsten ]iresent. 
The si'eond, or lowdieat. treatment, then changes the austenite partly 
or wholly inlo martensite, thus further inereasing the cutting effieieney 
of the too,l by inereasing tlie hardness. .Sub.secpiently, the tungsten 
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pi’esent nets by preserving the martensite even when the steel is heated 
up nearly to a red heat by the friction of work. 

If we ask why it is necessary first to cool the steel from so high a tem- 
pei’atiire as to obtain the austenitic structure, and then to let down 
this austenitic structure to martensite by reheating instead of cooling 
for niarten.site in the first instance, it is to be ob.served that, unle.ss the 
cooling begins at a very high heat, austenite is changed in part to troos- 
tite, and then the tungsten pre.sent is not sufficient to |)revent the 
.softening proceeding still further, when the steel Is heated up by the 
friction of rapid work. In short, if we allow the change to progress 
be yond a certain point, it is difficult to che(^k it thereafter. 

Influence of Vanadium on Steel. -The inffuence of vanadium is not 
thoroughh' investigatml as yet. It has a strong affinity for oxygen and 
therefore doubtless acts to i)urify the metal of this injurious impurity. 
Further than this, its influence when alone in carbon steel does mit 
seem to be always of great benefit, although it has never been shown 
tohavc an e\'il effect. In combination with other elements, such as chro¬ 
mium ami nickel, vanadium greatly im])roves the (|uality of steel, especially 
after s])eci,'d forms of heat, treatment, as shown by the following test 
of .a steel containing 0.34 per cent of carbon, 1 j)er cent of chromium. 


and 0.17 per cent of vanadium: 

Fla,Stic limit, lbs. j)er ,s(j in. 222,20f) 

Tensile strength, lbs. ])er s(], in. . 227,300 

Elongation, per cent.. . . ... 11.,') 

Reduction of cro.ss section, ])er cent... 42.0 


The amount of vana<liuni pre.sent should never much e.xceed f).20 per 
cent, although more than this must be adrled, for some of the vanadium 
is lost, probably, by j)a.ssing into the slag together with the oxygen which 
it removes. This purification alone is hardly sufficient to explain the 
markedly beneficial effect of vanadium on high-speed steels, but this 
subject will have to be left for future investigation. 

Influence of Titanium. —The only other element whose addition to 
steel is commercially imjxirtant to-day is titanium. This has a strong 
affinity for nitrogen; and it may exert a good effect by removing this 
impurity, although this is as yet only surmise. The im])roved wearing 
qu.'ditics of steel rails containing titanium has been proved, and it is known 
also th.at it increases the strength of cast iron. It is not yet reported 
that this element has been tried to any important extent in tool steels. 

Uranium.- -The ores of uranium, on the other hand, occur but rarely. 
Some experiments hu,ve been carried on to determine the utility of 
uranium as a high-speed steel alloy; but thus far it has not been shown 
to add any important qualities which are not obtainable by the use of 
cheaper elements already much used. 
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Aluminum, —Aluminum, often used in the manufacture of ordinary 
steels as a purifier during the making process, does not appear to add 
any desirable quality to high-speed steel, and as far as can be learned is 
not much, if at all, used in its manufacture. 

Tantalum. —Until recently very little was known of what is perhaps 
the most curiou.s of ail the metals, tantalum. For the matter of that, a 
good deal still remains to be learned concerning it. Like most other 
hardening elements, it readily combines with carbon; but the carbides 
thus formed are not soft, as is the case with the others, but very hard. 
.\ small amount of carbon is sufficient to carbonize a large amount of 
tantalum. It is considerably more than twice as heavy as iron, bulk for 
bulk; is about as hard, when in the annealed state, as soft steel; and 
has a tensile strength nearly a third higher. When hardened by alter¬ 
nate heating and hammering, metallic tantalum becomes so hard that a 
diamond drill will scarcely touch it, at the same time retaining a remark¬ 
able degree of toughness. No information is at hand as to its specific 
influence upon high-s])eed steel; b\it it is known that one maker \ises 
tantalum in steel for drills, dies, and tools of like nature. The strong 
affinity of tantalum (when hot) for oxygen makes it noce.ssary to heat 
tantalum .steel under special conditions such as will ju'event contact of 
the heated steel with the air. The electric furnace is jnostly used fortius 
purpo.se. T.antalum ores are of rare occurrence, and ferrotantalum, the 
form in which it is used, is costly. 

Importance of Manganese. —The importance of manganese in the 
manufacture of steels of all kinds, and its influence upon high-speed 
steel in (mmbination with tungsten, have been already mentioned. Like 
nickel and chromium, manganese seems to hinder the form.ation of the 
double carbides of tungsten .and molybdenum. Steel containing these 
elements in combination with a sufficient proportion of raangane.se 
(or of nickel or chromium) therefore are self-hardening without the 
high heat treatment, though they arc not necessarily high-speed 
to any considerable extent, even when they receive that treatment. 
Very high manganese makes steel cold-short and susceptible to fire- 
cr<acking. Low manganese does not, apparently, affect the property of 
red-hardness or temper resistance; but it does tend toward strength 
and toughne.ss in the body of a tool, while at the same time allowing it 
to be readily forged and annealed. The appai’cnt effective range of 
manganese content lies between about 0.2 .and 1.2 per cent. If above 
2.0 per cent in connection with low c.arbon, the steel is likely to l)e very 
hard and brittle, unless the percentage is also above (i.O ])er cent. The 
tendency .seems to be to substitute chromium for manganese above 1.2 
per cent. The chromium seems to do the work better than manganese 
beyond this point, and does not cause the undesirable tendencies above 
mentioned. 
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Silicon. —Silicon, like manganese, has an important function in the 
manufacture of steel; but in the proportion usually met with, has no 
important influence upon the structure or physical properties. An 
iron-silicon alloy containing from 5.0 to 15.0 per cent of the latter can be 
readily forged cold, like nickel; but is not forgeal)le at a rod heat. Very 
high silicon increases the hardness of steel, and at the same time greatly 
increases the brittleness. A singular circumstance is that an alloy of 
about 20.0 per cent silicon becomes much harder when slowly cooled than 
when quenched. In high-speed steel high silitam sensibly lowers the 
cutting .speed, though up to about 2.0 per cent it is said to increase the 
efficiency, especially upon hard material. Taylor indicates th.at 0.15 
per cent or thereabouts is, all things considered, most satisfactory. 

Sulphur and Phosphorus.—Sulphur ami phosphorus are as difficult to 
keep out of high-speed steel as out of other steels; and while they prob- 
ablv are slightly less harmful than in carlion steel, nevertheless should 
be kept as hiw as po.ssible. The former temls to make steel red-short, 
and the latter cold-short. More than 0.02 ])er cent of ))ho.sphorus is 
ruinous. 

Theoretical Formulas for High-Speed Steel.—It is seen from the above 
that while there are several agents more or le,s.s adapted to steel harden¬ 
ing, most of them are not well enough known, pos.sess certain negative 
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Microscopic structure of mushot (self-hardoniDg) steel. From Dr. Carpenter’s “Poaeiblo Methoda of 
Improving Modern High-Speed Steels.” 

qualities, or arc too rare to be available at the present time. Tungsten, 
molybdenum, chromium, manganese, and vanadium, besides possibly 
titanium, are now in general u.se to give tool steel properties not. (inferred 
by carbon or to enha- ' the influence of that element. As has been 
already mentioned, the influence of any of these elements separately is 
not nece,ssarily the same as when combined with others; and indeed in 
mo.st cases there seems to be con.siderable difference, as for example in 
the case of tungsten and manganese or tungsten and chromium, already 
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roferred to. So fiu-, tlierefore, it has not been po.ssilile to work out 
theoretically a formula for a high-speed steel mix. The method has 
necessarily been that of (uit-and-try, further development being along 
the lines indicated by more or less successful mixes. 

Relation of Mushet and High-Speed Steel. —If mushet steel was not 
strictly speaking high-sj)eed, it was at any rate the forerunner of high¬ 
speed steel; and the development of the latter grew out of the former. 
.4nalyses of self-hardening steels have been previously given. The 
composition of the original .self-hardening steel, R. Mushet’s Special, has 
been freipiently stated to be approximately as follows: 


(kirbon , 
Tungsten . 
Chromium 
Manganese. 
Silicon 


2.0 per cent 
0 i)er cent 
0.5 i)er cent 
2.5 i)er cent 
1 2 per cent 


.\nalyses of .several tyi)ical self-hardening steels are showm in a pre¬ 
ceding table, while analyses for a considerable number of high-speed 
steels arc given in .Appendix A. 'I’he average composition of some 
twenty brands of .self-hardening steel is shown in ihe table below, together 
wath the average composition of about twenty-five brands of good high¬ 
speed stofils 


TATU.K iv CO.VII'OSIIION- OK SKT.K HARDKMNU AM) HIOH-SrEEl) STEELS 


r - - - - 

! 

Scll-llaidei 

my 

Hiyli-Sjiet 

d. 

Recommended 







by Taylor as lte.sf 


limb 

-lye 


A\cr- 

:)(.')* 



All-round (^ittiiiy 


Low 

HiKli 

Id)U 

SU*€‘I. 

(’iirl>on 

1 N : 2 4 

1 1 

0 15 

1 28 

0 32 

0 682 

0 674 

TungsttMi' 

7 if 11 0 

4 5 

18 00 

25 45 

14 23 

17 81 

IS 19 

Molybdentmi ‘ 

4 TjcS 


3 50 

7 6 

0 00 



(-hroinitmi 

16 3 4 

0 07 

4 00 

7 2 

2 23 

5 95 

5 47 

Vuniuliiiiii •' 



0 30 

0 32 

0 00 

0 32 

0 29 

MatJ^fnnese 

1 H 3 5 

0 08 

0 13 

0 30 

0 03 

0 07 

0 11 

Silicon 

0 56 ’ 1 04 

0 16 

0 22 

1 34 

0 43 

0 049 

0.043 

Phosphorus ^ 

0 032' 0 080 

0 016 

0 018 

0 029 

0 013 



SuljihurV 

0 015' 0 050 

0 004 

0.010 

0 016 

0 008 




‘ Tun^?^t(‘ll rs used iti all but one of the sinds anal\/,c<i In coinbijialton wilh inolybd<»inim the 
IHTcentaK'' of lunirstcn is lovtcr Mian lliat fjhcn 

* Molybdenum was lonntl in but oru‘ of tlie .sell-bardcmnK, ami in si\ of tlu* biKh-.s|tfod .stwls. 
in tho lutfcT always (\Mlb one exception) combined witli tniitfsten The mininium percenlaKc ho 
combined was found lo be 0 4S 

^ Found ni but tliret* of ibe steels analjzed 

* The exceediiiij difficulty of detennmiut: sm h inhintcsini.it <iuaiitilies as arc involved in the 
separation of phosphorus and sulphur makes tlie.se fitpire.s mort* oi less uncxTtaiii In most ca-ses it 
is T>ossible only lo say tliat traces of these elements exist 


Mushet and High-Speed Steels-Differences.- .\ first glance at the table 
does not leveal any striking or apparently essential difference between 
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higli-sj)eed and self-hardening steel; and indeed it is stonily inaintainod 
that- there is no such essential difference — that mushet steels are high¬ 
speed if treated by the high-heat process. When it is renieinbered 
that it was with self-hardening or mushet .steels that Taylor and White 
were experimenting, and that it was the.se that yielded high-speed steels 



Fic. .17. X ISO. F|(! 3S. X I.OOO. 

MKTottcoinc xtructun' of liiKli--s|M‘cd sIi'cIh. Typiral t»f all containini: iiiori" r.Imn 5>.() per (rnt fiiiiRaten 
uiid :i 0 |)(T et'iif cliromuiiii. From Mr. EthvurdH' |>u|X'r 

when subjected to the high-heat treutiiMuit, it becomes evident that 
though not now identical, there is a very close relationship between 
them. -An inspection (if the table above will show that the chief 
differences in comiiosition are these: 


Hi(ui--Si>EEn 

Carbon Medium or low, O.d to , 
Tungsten High, Id (I to 25 0% 
Chromium High, 2 I) to 7 l)% 
Manganese Low, t) (i:i to 0 5',’-,' 


Sfi.f HAiiniiNiNC 
High, 1.1) to 2..5% 
Ixiw, 4 5 to 12 0% 
Low, 0 I to :5 5% 
High, 0 OS to ,3 .5% 


The differences, it will be observed, ai'e entirely of degree, and not of 
kind The total amount of alloy is very largely increased, and in every 
ca.se the proportions of the ingredients named are inverted. This of 
course makes a very great difference in the ([Uidities. though not neces¬ 
sarily in the characteristics of high-speed and of the older self-hardening 
steels. The (piality which particularly characterizes high-speed steel is 
red-hardne.ss. the pro])erty of resisting the drawing of the temper when 
heated even to a red color Hut red-hardne.ss is imparted to the alloy steels 
(suitable ingredients being jiresent) chiefly by the high-heat treatment — 
that is, by heating these steels to the point where they become austenitic, 
or gamma. It would be natural to supiiose that all austenitic steels 
nece,ssarily are red-hard to a high degree. This however does not seem 
to he the ca.se, althougii the two cornlitions usually are found together in 
some degree. 

Steel for Universal Use.— 'Thus far, in high-.spoed steel practice, the 
disposition on the part of users, as well as of makers, has been to u.se 
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one steel for all purposes, tools for cutting hard as well as soft materials 
(wood among the rest), forming dies, crushers or hammers, rock drills, 
and all the rest of the category of tools. Most manufacturers make 
rather extravagant claims for universal high efficiency on behalf of their 
particular steels. It i.s true that some steels on the market come pretty 
close to fulfilling the various conditions I'equisite to univensal service, 
not only making good cutting tools for hard and soft metal and wood, 
but being suitable also for forming dies, crushing tools, hammer tools, 
and the like. For the most part however high-s])eed steels are adapted 
to particular rather than general .service. Thus a steel highly efficient 
in cutting hard material often is not so on .soft; and one well suited to 
cutting is not very likely to be well adapted to forming dies and the like. 
Mt. Taylor mentions one steel tried in hi.s experiments as being superior 
to all others in all kinds of metal cutting, and gives its composition as 
shown in Table V, and also in Table IV above. For the sake of com¬ 
parison the .lessop, Mushet Special, and the original Taylor-White .steels 
also are included in the table. The figures indicate percentages, except 
as noted. 

TABI.n V. 


Steel. 

Ciir- 

hon. I 

Sili¬ 

con. 

Manea- 

IlChC. 

'J.iim;- 

sten. 

(Miro- 

tniuiii 

\’ana- 

<!iuiii. 

Spct'fl.' 

Jessop carbon . 

I 047 0 206 

0 19 


0 207 


16 

Mimhct Hpecifil... .. . 

2.150' 

I 044 

1 5S 

5 44 

0 040 


26 

Original Tavlor-While .... 

1 8,60 0 1,60 

0 30 

8 00 

3 80 


60 

Befit modern high-speed steel .. . 

10 674; 0 043 
10 682 0 049 

0 n 

0 07 

18 19 
17.81 

.6 47 

5 9,6 

0 291 
0 32) 

100 


' ('ultuip sfHfil III fppt {XT itimtjlf at which a tool is cornpJctcly ruined at the end of twenty 
minutes, workini; on medium .slt*el. 


Though nothing i.s said as to its efficiency in tools other than those 
for metal cutting, the composition of this steel indicates that it is also 
good for .all tools requiring toughness and wearing quality; so that 
it niiiy fairly be chassed as an all-round steel. Other things equ.al it would 
be highly desirable to have in a shop, or set of shops, one all-round steel 
equally and in a high degree efficient in all sorts of work commonly 
turned out. The need for so many varieties of tool steel heretofore has 
been a source of great inconvenience, frequent mistakes, and untold 
annoyance -- all which would be dissipiited could a .single steel be 
economically .substituted for all the varieties now in use. 
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STILL NEWER STEELS. 

Need for Intermediate Steels. —After the metal cutting industries had 
begun to adjust themselves to the new situation following the introduction 
of high-speed steels, the use of self-hardening oi' miishet steels rai)idly 
decreased until very little call for it existed and most manufacturers 
ceased making it altogether, putting out instead a more or less excellent 
(jualitv of the high-speed kiml. This however was not for some little time 
after the Taylor-White discoveries became ])ut)lic. The self-hardening 
steels had come into rather general use in difficult jobs, and in pro¬ 
gressively managed shops were ustul to a considerable extent on all 
sorts of work; anil so, while the new steels with their wonderful 
possibilities were justifying themselves and establishing their place, 
very |)ro))erly thei'e was a disposition to hold fast to that which 
had ali'eady proved itself, rather than lake up something but little 
known or tried. Recently there has again come to be some demand for 
steels which, while ))o.ssessing the (jnalities of high-speed steel to a 
moderate degree, enough to adapt them to kinds of W'ork not requiring its 
high cutting jiowers and red-hardness, could be bought at a price consid¬ 
erably below that of high grade air-hardening steel; and a number of 
manufacturers have brought forward steels to (ill this gap. 

Field for Semi-Higli-Speed Steels. —Eertain of these are claimed to be 
especially adapted to u.se in blanking, drop, and fonning dies, and tools of 
like )iature which are subjected to severe wear but which generate no 
considerable amouid. of heat while at work. High-speed steel has lately 
come into use for such purposes, but where the dies are sidijected to 
tremendous pressures as, say, in the case of cold heading work, they are 
liable to .split. It remains to be .seen how well the.se .special or “inter¬ 
mediate ” steels w'ill fit into such uses as a substitute for the high-speed 
kind. 

Thei'e doubtless are many classes of work wherein a steel of less endur¬ 
ance than the best high-speed varieties w’ould answer every requirement 
and yield results equally as good; jobs where extremely high speeds 
or heavy cuts are in the nature of the case impracticable, or as in 
certain wood-working ojierations, where a cutter of higher endurance 
than one of the best c.»rbon steel would have an almost indefinite life 
anyway. In such cases, it would seem, the high cost of air-hardening 
steel imposes an unnecessary expense in tool equipment. 
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nature of the Intermediate Steels. —Most of the so-called “intermedi¬ 
ate ” steels are nothing more nor less than inushet or self-hardening 
compositions, although some of them seem to l)p manganese rather 
than tungsten steels. A typical example of such a “special,” “inter¬ 
mediate,” or “semi-high-speed” steel, of excellent sustaining jmwer 
and not exception.ally hard to treat, has the cotiiposition: 


Per cent 

Carbon. 1.190 

Tungsten. . . 7.560 

Chromium. .'5..S40 

Manganese. 0.460 

Phosphorus .. . 0 024 

Sulphur ... . . . 0 025 

Silicon . 0 200 

Another gave this analysis; 

Per cent. 

(Carbon . 0 94 

Tungsten .. .... 4 7S 

Chromium . 0 69 

Manganese . 0 27 

Phosphorus 0 01 

Sulphur ... 0 01 

Silicon ..Oil 


Both these steels, it will be observed, are rather lower in carbon than 
most mushet stettls were, and the first is rather higher in tungsten W'hile 
the second is lower in chromium. .A third, which scarcely falls within 
the mushet class is thus composed: 

Per cent. 

Carbon. 1 25 

Tungsten . .... . 2.25 

Chromium ... . . 0 28 

Manganese .... . 0 85 

Silicon . . . .... 0.21 


The last is advertised and sold specifically as a “ finishing ” steel; 
and it unquestionably gives excellent results in this particular kind of 
w’ork. Besides these there are a number of other steels on the market, 
sold for tool u.sc, whose tungsten content (or molybdenum equivalent) 
ranges from near that es.sential in a high grade high-speed steel down to 
that indicated in the analy.ses above. Most of these are sold as high¬ 
speed steels, though at a lower price than is cu.st{)mary for those of the 
highest grade, and to a greater or less extent they are so, if the chromium 
content corresponds with the tungsten. 

Still another steel very w'idely adverti.sed as an “ intermediate ” 
steel, and doing exceedingly well in certain classes of work, including 
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blanking and stamping, as well as cutting wood and metals of moderate 
hardness, has this anomalous composition: 

per coiil. 

Carbon. 1 .03 

Tungsten. ().4(i 

Chromium. 

Manganese . . O.dO 

Phosphorus . . . 0.025 

Sulphur. . 0,009 

Silicon ... .0.008 

Tliis is repre.sente<l as an especially dense steel requiring very slow 
and careful heating to a cherry re<l (SOO to 850 degrees C. or about 
1,470 to 1,550 F.) for cutting tools, and somewhat lower for tools intended 
to withstand |)ressure or blows. It is water-hardening, as might be 
sup] osed from its com|)osition, and reipiires the tem])er to be drawn as 
in the ca.se of carbon steel tools. It is claimed to be at le.ast 50 per cent 
tougher than carbon tool steel—though that is about what it seems 
really to be. Several other steels .sold for about the same purpo.ses also 
ha\e .about the same manganese content, and some a good bit higher. 

A Peculiar Non-Tungsten Steel. - In Kurope, more especially in Prance, 
there are coming into use senii-high-speed steels of the api)ro.\imate 


composition: 

Per CPiil. 

Carbon. 2 25 

Chromium . 15,00 

.Mangane.se . .0.85 


They differ very greatly from the steels constituted according to the 
now accepted ideas, not only in the absence of tungsten or molybdenum, 
but in the very high (diromiinn and carbon. This accounts for the 
exceeding difficulty with which they are W’orked .'Ks a compensation 
for this however, they require a hardening temperature of but 900 de¬ 
grees C. (or 1,6.50 F.). They are stated to be but slightly inferior to 
regul.ar high-speed steels in point of service. 

Recent Developments. —The most recent development in high-speed 
steels is the announcement and marketing of what have been variously 
designated the “new,” “improved,” “superior,” .and the like, high¬ 
speed steels. Astonishing claims have been set forth by makers and 
others, for these “ now ” steels. Speeds of two or three, to ten times 
those attainable with “ ordinary ” high-sjjeed tools, have been asserted 
to be pos.sible; and an endurance many times as gre,at has been claimed. 
.And all this with a steel wmeh could be hardened in water! 

The “New” -Steels—Claims. —Tests have not been wanting whose 
results seem to lend support to the claims made, and the performances 
of tools made of the steels (mostly Knglish) thus advertised have been 
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very good indeed. A cutting speed of 500 feet per minute under proper 
conditions is said to have been attained, while speeds greatly in excess of 
tho.se usual with ordinary high-speed tools have been claimed. The claim 
of superiority in cutting .speeds has however i)een usually subordinated 
to that of greatly increased endurance, especially in cutting materials 
exceptionally refractory. Thus chilled iron, which can be cut only with 
some difficulty by ordinary high-speed tools, at speeds usually under 
ten feet per minute, and then only with very frequent grindings of the 
tools, have been machined with comparative ease. H.ard spots in such 
work as tire turning, say, present little obstacle to these tools. Grindings 
can be reduced by a half at least, and, in cases, may be almost eliminated. 
Such are the claims put forth. 

There can be no question of the extraordinary powere of the .steels, 
offered under the new names. .Many of the cl.aims made, however, 
relative to their superiority over “ ordinary ” high-speed steel, have 
evidently been based on comparisons with very “ ordinary ” high-speed 
steels, or with tools differently treated. As a matter of fact there have 
been a number of high-speed steels upon tlie market for several years, 
sold under the regular names and .at no increase in price, which under 
similar conditions have easily equalled, and in some cases exceeded, any 
reported performance of the so-called “ new ” steels. .Side by side, on 
regular work, with the same t?'eatment, it has not yet been shown con¬ 
clusively that the ’‘new” steels .are in any respect superior to any one 
of several American brands whose composition has been practically 
unchanged for.sever.al years. 

“New” and “Ordinary” Steels Compared.—The fact is, it is very 
unusual indeed for any tool to be worked to its limit, especially in regular 
shop practice; and a tool ea.sily capable of running at two or three hun¬ 
dred feet per minute, for reasons well understood, rarely is run half as fast. 
Furthermore, it is common practice, and good practice too, for tools to be 
ground more frequently tlian is absolutely necessary so far as metal- 
removing capability is concerned. There have indeed been occasional 
“tests” to show what could be done. The limitations affecting regular 
work however have in general served to prevent the adoption of the higher 
limits of possibilities, even when the.se have been ascertained. A series 
of experiments (uirried on since the announcement of the “new” steels, 
for example, with a machine designed especially for the experiments and 
with a \iew to reaching the limit of performance, proved only that the 
limit of speed could not be reached on that machine. A speed of more 
than 200 feet per minute, rough turning cast iron, was maintained easily. 
In another instancea different tool showed itself capable of standing up all 
day under a speed of 120 to 140 feet per minute while taking a cut inch 
deep and with a feed varying from ^ to i inch. No “ new ” high-speed 
steel seems to have excelled this performance, or apparently equalled it. 
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Water Hardemnp-The performuiice first mentioned was with a tool 
whose point had been hardened by dipping in cool water and then 
quenching ;dl over in oil, the temper being afterward slightly drawn. 
A tool so treated would of course lie exceedingly liard. To get the 
astoni.shing results claimed for the “ new ” steels, that is, results aston¬ 
ishing when compared with customary performances, the water treat¬ 
ment IS likewise necessary. At first there was a disposition to attach 
much importance to the possibility of hardening in water, and it has 
been .stated that a tool of a “ new ” high-siieed steel has been successively 
har, ened ii, this manner a great many times without cracking There 
woiih be nothing remarkable in this, especially if the tool contained 
vanadium, as probably it did. Other high-speed tools also have been 
haidened in water and made glassy hard. But it is not safe to harden 
any high-s|)ecd steel in tins manner, whether of the so-calleii “ new ” 
or ot the “ ordinary ” kind. A tool might be successfully hardened in 
this manner a dozen times — and again, it might crack the first time 
I here is no way of knowing beforehand. It is for this reason that the 
caution IS often reiiealed in this book, not only to avoid water in hard¬ 
ening ugh-spee.l tools, but to keep it entirely away from tools either hot 
oi- la lie to be heated. It is not singular, under the circumstances, 
that the makers ol the “ new " steels declare for the customary method 
ot lianlening in air or in oil. 

Nature of the “New ” Steels.-The “new” steels uncjuestionably 
•111 good steels, and siiiierior to most, though not. all others prcviou.sly 
on he market. What superiority tliey |,ossess over ordinary steels is 
doubtless due in large part to the increased percentage of alloy, com¬ 
pare! wil.h the low proportion generally found in English and continental 
brands, ami in ,,art; very likely, to the presence of smdi elements as 
titanium .and vanadium, up to this time little used in ordinary hi-h- 
spoed steels. It is noteworthy, however, that one of the very best”of 
the stamlard high-spee<l steels (an example of whose |,erformance is 
mentioned above) rarely yields vanadium upon analysis. The treat¬ 
ment rcpiisite for the “ new ” steels is e.ssentially the iame as for other 
good high-.spced steels. In some cases a rather higher forging heat is 
recommended. 
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Fig. 39. Melting the steel. Setting the charged crucibles into the coke hole. 


CHAPTER V. 


THK PR0(;ESS of making IIIGU-SI'EIOI) steels. 

The Crucible Process.—Mention hus been already made of I lie three 
processes for making steel, namely criieilile, open hearth, and he.ssemer. 
Of the.se only the crucible process produces steel suitable, generally 
speaking, for use in tools, and especially in cutting tools. It is by this 
process only that high-speed steel was produced until recently. The 



Fig. 40. The furnaces (tops at the floor Ifvclj and fli*‘ tTueil)lc pits. 


elect I'ical furnace, with it.s very high quality of product, now i.s also u.sed 
to some extent. 

The crucible proco.ss, the simplest of those in use, is centuries old, 
reaching hack to those dyvs in the misty jiast into which history has not 
penetrated. The modern method of producing crucililo steel is e.ssen- 
tially the same as that liy wliich wootz was made; Imt of course in its 
details it has lieen greatly improved. And though it is tlie simplest of 
tile three proccssc.s now in n.se, it is by far tlie most costly. Briefly it 
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consists in plticins together in ;i cluy or graphite crucible, the iron and 
charcoal, wood, or other substances whicli are to enter into or affect the 
final product; setting the crucible in a furnace and molting its contents; 
and afterwards “ working ” the product t(» secure density and form. 

Charging the Crucibles. —('ruciblo.s, .as used in steel making in this 
country, are usually made of a mixture of .50 iku’ cent gi'aphite and .50 per 
cent clay. In I'lurope all clay crucibles are quite generally used. The 
latter have certain advantages, but are much less durable than those (ami- 
posed largely of graphite. The charge rarely exc('eds 125 pounds, and is 
only .50 pounds when clay crucibles are used. The ainounf of iron, char¬ 
coal (to furnish carbon), tungsten, molybdenuni, or whatever other agent 
or combination of agents is demanded by I he formula, is exactly measured 
in the “ mixing room,” and this foi'mula, once adopted as the re.sult of 
much exiieriment, is religiously followed, in order to preserve as close 
uniformity in the product as ])ossible. 

The hardening agents are preferably placed at, the bottom of the 
crucible, and the sniidl jiieces of iron carefully packed over them 'I'he 
crucible is then lowered into the melting hole and a. cover ])laced over 
it to keep out gases, and the melting hole itself carefully sealed up. 

Melting—Furnaces and Methods. The method of placing the crucible 
in the melting hole, and removing it has changeil little since early times. 
The melter, or more often his hel])er (sometimes called “ puller out ”) 
grasps the filled crucible with tongs shaped to lit its sides, and straddling 
the hole, lowers until the crucible rests upon the floor of the hole or upon 
a suitable bed of fuel, as the case may be. In like manner the crucible is 
“ pulled ” after the melt is ready for pouring. 

Obviously this is very hot work. Indeed it is customary for the 
“))uller out ” to swathe his legs in wot cloths to avoid being scorched; 
and even then he not intre(|uently catches fire and has to extinguish 
himself. In a very few modern ])lants, (*s])ecially where large quantities 
of metal are made, mechanical methods of handling are employed, 
generally an overhead trolley hoist operating the tongs. 

The melting hole usually is one of several. ]ierhaps as many as t wenty. 
Oommonly each hole accommodates four to six crucibles; and generally all 
are connected with the same main flue and stack, though in other respects 
each is practically a soiiarate furnace. Where gas is used for heating, 
the furnace is of the reverberatory kind, with regenerators and checkers; 
and is provided with .suitable valves and dampers for regulating the 
temperature. Tor high-speed steel melting this type is most .satisfac¬ 
tory because of the ease with which the temperature, can be maintained 
at a very high jioint and also kejit uniform for any desired time. 

In some cases the melting is done in an ordinary coke hole, also pro¬ 
vided with drafts and dampers for controlling the teinjier.ature. The 
hole is pretty welt filled with coke or anthracite piled around the crucibles, 
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Fig. 42. "I’lillinR” the crucible. 
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and thn heat gradually brought up to the high temperature necessary, 
and maintained as long as may be roiiuired, care being taken to replenish 
the fuel from time to time. 

Ordinary crucible steel melts in 2 to 4 hours, and rarely requires 
n\ore than 2 hours, it the stock is not in too large pieces and the furnace 
is kept well regidated. High-sjeeed steel however requires much longer. 
For those steels (conlaining mangam'se 8 hours is not unusual; and for 
the very best grades of high-s])eed steel the molting may require as much 
as 10 hours, and even more, though usutdly 4 to .5 hours is sufficient. 
The melter’s experience is his chief guide in determining when the melting 
is complete, and then the melting hoh; and crucible are opened for 
examination. For the most part the melter de|)ends upon his eye to 
determine the progress of the melt, and if he makes a mistake it may be 
at total loss. 

Killing or Dead Melting.—In all crucible steel manufacture the “teem¬ 
ing ” or em])tying of the crucible is not done immediately after the molt 



has become sufficiently lliiid; but is deferred for a time (rarely up to 
two or three hours, usually 20 nunutes) while it is being “ killed ” or 
“ dead melted.” This consists merely in allowing the crucible and its 
contents to remain in the melting hole until the liquid steel has become 
quiescent and is in such condition that when teemed the resulting ingot 
wilt probably be sound, that is, free from blow holes. Killing has an 
important effect upon the density and uniformity of the steel, due, it is 
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thought, to the escape of certain gases and the absorption of silicon. 
The operation is longer or shorter according as the furnace has been 
relatively hot and the melting rapid, or the furnace cold and the melting 
slow. The time depends also uf)op a number of other things, among 
them the purity of the .steel. Usually it requires from twenty minutes 
to an hour, the eye of the melter again determining when the melt is 
ready. There c.an not, in the nature of the case, be any sharp line of 
demarkation between melting and killing, for the whole combined opera¬ 
tion is controlled throughout by the judgment of the melter. 

The contents of the crucible must not be allowed to cool to an extent 
which would affect its fluidity prior to teeming or pouring into the ingot 
mohls. If the metal becomes thick and pasfy it <loe.s not run well and 
the resulting ingot it likely to be defective. .Molds arc (mstomarily small 
in section, rarely exceeding 4 by 4 incho.s, and arc very deep in proportion 
to their cross section. Usually they are in two pacts, held together by 
rings and kc^ys. The interior is well smoked before the teeming, in order 
to give the ingot a smooth surface and irrevcnt its sticking to the sides of 
the mold. 

Teeming.—The slag having I)een skimmed off, the teenier quickly 
empties the crumlile into the mold in precisely the same manner as is 
done in teeming ordinary crucible steel. Inasmuch as the molds are so 
small in section it requires a very high order of skill to teem properly, 
that is, to pour the melted metal so as to fall directly toward the bottom 
of the mold. The stream must not at any time in its descent strike 
against the sides. 

Ingot molds used in the manufacture of high-speed steel usually 
hold the contents of but a single crucible, though sometimes larger ones 
are used for producing ingots of .s]iecial size for special pur|)oses. In this 
ca.se several crucibles may be teemed into a single mold, usually after 
having been mixed in a ladle. 

Finishing.—The ingot, after cooling and removal from the mold, 
is “ cropped ” or “ topped that is, the top is broken off, to remove the 
piped and .segregated portion likely to be fouml in this jiart. The sur¬ 
face of the remaining ])ortion is carefully inspected for physical defects, 
and such minor superficial ones as are discovered .are chkseled out. At 
the same time a sample is taken for analysis. This proving .satisfactory, 
and no phy.sical defect being found sufficient to warrant the rejection 
and reraeltiiig of the ingot, after a prolonged heating not infrequently 
lasting two d.ays (for the ingots having been cast in chill molds, are 
intensely hard) at a temT>erature clo.se to SOO degrees C., it is put under 
the hammer and thoroughl) worked out into billets. These are again 
thoroughly inspected, .ind if perfect go to the hammers and rolls for 
fini.shing to the required sections. Most high-speed steels are hammered 
nearly to shape and then rolled to a finish. Both hammering and 
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rolling must be done at a heat consideralily higher than that used in the 
case of ordinary steels. These alloy steels are so dense that they work 
well only when at a bright red or even higher temperature. If ham¬ 
mered or rolled at a lower temperature the metal doe.s not flow freely 
and uniformly under the blows or pressure, and strains, if not cracks, are 
caused — generally bad cracks, which unfit the .steel for its special use. 
Even if no cracks develop immediately, the strains thu.s set up, unless 
let down by subsequent thorough annealing, frequently produce cracks 
and failures long after the bars have been passed as perfect, and more 
than likely after they have been put to use. To insure freedom from 
defects the forging temperature is customarily near 1,000 degrees C. 
(1850 F.). 

Annealing. —Iligh-speed steel being partially self-hardening, the bars 
when finished are hard and require annealing except for a very few 
purposes. Unless annealed the bars cannot well he usecl even when 
they only require to he ground and inserted in a holder, owing to the 
difficulty of breaking off what may be wanted; and it is utterly impos¬ 
sible to machine high-speed steel in this condition into any of the m.any 
special forms required. The hard bars (am of course be forged; but 
even in this case it is ranch bettor to use annealed stock, for several rea¬ 
sons, the most important of which is that annealing relieve-s the internal 
strains set up in hammering or rolling and decreases the liability to 
future flaws or cracks. Also, the structure of the steel be<(onies uniform, 
homogeneous, and tenacious; and according to the testimony of some, 
its life is increa.sed. 

The annealing is done in muffle ovens of the customary type, the heat 
being gradually brought up to a red heat of 800 degrees (1. (1.500 F.) or 
somewhat higher. The bars may then be removed and slowly (iooled, 
but much better results are obtained when they are allowed to cool in the 
oven itself, the heat being shut off soon after the desired temperature 
has been reached, and the oven allowed to cool slowly. .As in the 
other processes, great (uire must be taken that conditions arc just right, 
else there is likelihood of the steel coming out poor or indifferent in 
quality, even when the mixture is good. Tw'elve to eighteen hours, 
according to the size and shape of the bars, is required for proper 
annealing. 

Refinement of Methods. —Those familiar with the process of making 
ordinary crucible steel doubtless will have noted already that the process 
of making high-speed steel differs from it in few important respects. 
In general the equipment used and the methods piawdiced are identical. 
The chief difference is m the stock put into the crucible, and in the 
exceeding care exercised throughout in producing the high-speed steel. 
In a mill which endeavors to make and keep up a reputation for pro¬ 
ducing a superior quality of high-speed steel, the extent and frequency 
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of the examinations and tests of stock jn process of manufacture, is 
surprising. The ingots are carefully analysed, and are inspected be¬ 
fore as well as after “ topping.” The topping itself is intended to 
remove any possible inferior metal or defects, frequently found in that 
portion of the ingot. The billet is again inspected; and each separate 
bar likewise undergoes examination for defects. The bars are generally 
“ pickled ” to make defects more easily discernible, if any exist. If 
defects appear at any time in the course of all these inspections, the 
material is rejected if inferior in quality, or re-melted if merely defective 
in structure. 

Considering the care nece.ssary in its manufacture, and the high skill 
required in the workmen, it is not .at all singular that high-speed steel 
continues to sell at the extraordinarily high price which it commands 
in the market. There are, however, additional re.asons for its high 
price, chief among which is the high cost of the special alloying 
elements. 

Kind and Quality of Constituent Materials. — The materials used are 
necessarily of the purest, and certain of them .are rare; for both of 
which reasons their cost is very high. Some makers use only the purest 
Swedish and Dannemora iron, saying that those .alone .are free enough 
from sulphur, phosphorus, and other impurities, to give the best results 
in high-speed steel. These irons are considerably more costly than 
even the best of ordinary kinds. A number of makers however, utilize 
good qualities of native muck bar, s.aying that the.se give results as 
good as can be obtaitied; but these extra pure irons also have a higher 
price than the ordinary. The tungsten, molybdenum, and other hard¬ 
ening metals, vanadium especially, are rare, their ores being found 
in but few places and those usually not easily accessible. These ores 
are commonly reduced in the electric f\irnace, sometimes to the metal¬ 
lic state, and at others to the ferro alloys, either of which can be used 
in the manufacture of high-speed steel. The prices of these metals range, 
in either state, from $0. 40 to .17.00 per pound.' Since the proportion of 


The prices quoted in March, 1908, were approximately as follows: 


Tungsten, .. 
Vanadium. . 
Molybdenum 
Titanium. .. 
Chromium. . 


$0.75 per lb. 
6.00 “ 

.. 1.50 “ 

1.00 “ 

37ito.75 “ 


The figures given are for the contained metal in the ferro state. Swedish iron was 
at the same time quoted at about three cents per pound. 

Ten years before these metals were stated to Iw worth a great deal more, as may 
be seen from this quotation taken from the columns of a scientific paper of the time: 


Tungsten. .. 
Vanadium. . 
Molybdenum 
Titanium. . 
Chrortiium.. 


8,16.00 per lb. 
10,780.00 “ 

245.00 “ 

1 , 100.00 “ 

490.00 “ 
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hardening metals is riot infrequently above 20 per cent, it is seen that 
the cost of material alone is,,something quite different from what it is 
in the case of ordinary steels. 

Possible Lowered Cost. —In spite of the keen competition among 
makers, the price of high-speed steel has remained practically where it 
was when first put upon the market, for the best grades not far from 
$0.70 per pound, in small quantities. The so-called “now” steels 
sell for considerably more. This seems altogether out of proportion, 
at first thought, even when the high cost of manufacture is considered. 
It is to be remembered, however, that this includes the as yet high cost 
of marketing; and must, of course, cover in part, also, the great expense 
of continued experimentation necessary to determine the most desirable 
composition and method of production. The cost of certain of the 
hardening constituents has increased considerably of late, owing to the 
large demand; but it may I'e expected that now sources of supply will 
be located and the methods of extracting the metals and ferro alloys 
will be so simplified lliat this cost will be materially reduced. It is 
becoming known, also, that the more rare of tlieso agents arc by no 
means essenti.ol to a good grade of high-speed steel; for other and less 
costly ones can be combined so as to give satisfactory results, especi¬ 
ally for that intermediate class of tools of which the highest duty is 
neither required nor desired. Apparently the marketing of the new 
steels is as yet one of the most costly items to the makers. As the 
place of the new tools becomes more and more definitely established 
the cost of bringing it to the attention of users will of course decrease, 
and the total cost to the consumer will without doubt be more nearly 
commensurate with what would be expected, and the economic value 
of the new steels be correspondingly increased. 



CHAPTER VI 


FORGING THE TOOLS. 

Stinted Use of High-Speed Tools.— The demonstrated utility and all¬ 
round superiority of high-speed steel for tools in most lines of metal 
working, and in other lines also, would lead to the inference that they 
are used to the largest possible extent. A recent study of machine shop 
conditions has shown conclusively that while they have taken a very 
large place in productive industry, the new tools are not used to any¬ 
thing like the extent they might he with profit. In comparatively 
few shops is high-speed steel largely >ised; in most, to a very moderate 
extent only; while in a great many it is quite unknown. 

Unsatisfactory Experiences. —Gonscrvatism of course ])lays a large 
part in this condition of affairs, while unfortunate and misleading 
experiences .seem to he responsible for the indifferent or negative atti¬ 
tude in many quarters. That there have been unfortunate and mis¬ 
leading experiences is for the most part due to the unintelligent manner 
in which the new ])roblems of using high-speed tools is generally at¬ 
tacked. Persuaded in one way or another to buy some high-speed 
steel, the tnanagement of a shop more than likely turns the stock over 
to the regular tool makers, who are in this case almost sure to be unfamil¬ 
iar with its properties .and the methods of treating it — and more than 
likely also, prejudiced against such new-fangled stuff. Under these 
circumstances it is not surprising that tool makers so often fail' to profit 
to the largest extent l)y the directions furnished with the steel. Even 
when these necessarily brief and incomplete directions are followed 
•as faithfully as possible, the inexperience of the smith makes his efforts 
more or less experimental, and the results may or may not be satisfactory. 

Purchasing Tools to Specifications. —The obvious thing to do, as 
pointed out in another place, is to buy tools made to specifications, 
for such introductory experiments. This also is the proper procedure 
in small shops using few special tools, after they have gone into regular 
use. Makers are quite ready to furnish tools of any pattern to specifi¬ 
cations designating precisely the material upon which they are to work 
and the machine and other conditions under which they are to operate. 
In this way there can be little question of the results being satisfactory. 

Making Simple Tools. —The making of the common forms of lathe and 
planer tools is so simple a thing however that it can be undertaken 
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in almost any shop having tool-dressing facilities — provided the smith 
IS willing to forget, for the time being, some of the things he already 
knows concerning carbon steels, and also to learn a few things which may 
be quite surprising to him, particulary if he has no experience witli 
high-speed steel. His knowledge of colons, as a guide to heating and 
tempering tools, for instance, will be no guide at all, and is likely only to 
mislead him. 

Whether it be in a large or a small plant, unle.ss the work i.s in the hands 
of a trained expert, the first experiences in the making of high-speed 
tools should be with the .simpler forms already indicated. These usually 
require little in the way of special appliances in order to give fairly satis¬ 
factory results. In their making, nevertheless, is involved the same 
special knowledge as to treatment which is necessary in the case of more 
complex tools. 

Use of Tool-Holder Stock.—Formerly it was a common practice to use 
high-speed lathe tools in connection with tool holders, merely breaking 
off from the bar a piece of the desired length, grinding it to the required 
point, and inserting it in the holder. This is still largely done where the 
work is light and the speeds not intended to be very high. The unan¬ 
nealed stock was once (luite generally ii.sed for the purpose. This stock, 
however, while very hal'd, has not (in the case of most brands, at any 
rate) jiassed through a proper hardening process, having acquired its 
hardne.ss while cooling under the stresses of the rolls or blows of the 
hammers. 'To insure an even temper and the absence of strains which 
tend to inqierfections and therefore short service, it is necessary to 
anneal the tool jiieces, and then to harden them properly. For this 
reason, as well as for greater ease in separating the desired piece from 
the bar, the annealed stock should be used, thus avoiding the annealing 
process in making the tool. 

Cutting Stock from Bars.—High-speed steel bars which have been so 
annealed can be easily nicked and broken off, unle.ss of large section. In 
that case it takes an expert to do it. • Breaking however is not advisable, 
for it is likely to cause a disarrangement of the structure of the steel 
near the fracture, sufficient to damage the tool at that place. Frequently 
fine cracks are started which later develop, and eventually spoil the tool. 
It is safer, and when the nose of the tool is to be forged any way, causes 
no additional laboj-, to heat and cut off hot. In general also it is more 
convenient to forge tools of this sort before cutting from the bar. Where 
many pieces are used, especially if little or no forging is required, whether 
of the same or different Ic-'gths, it is cheaper to saw them off to length by 
a power saw. It is unnecessary to do this one at a time, for if clamped 
tightly enough and sawed close to the support, a large bunch of “ tool 
holder ” stock, for example, can be sawed through as if it were a solid 
bar. As between a band and a circular saw, the former is preferred. 
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Most such cutting can be avoided by purchasing tool-holder stock ready 
cut to desired lengths. 

Advantages of Annealed Stock. —In making tools requiring more or 
less machining there is an additional advantage in the use of the annealed 
stock, in that it is readily machined — almost if not quite as easily as 
carbon steel used for the same purposes. In some kinds of tools this is 
of considerable importance. Again, the annealed stock is stronger, that 
is to say, tougher; and tools made from it are therefore better able to 



resist stre.sses in the neck or shank 
than if made of the unannealed, and 
on that account are less liable to 
breakage at tho.se points. The tre¬ 
mendous stre.sses and strains accom¬ 
panying the use of these tools makes 
it important to look to this matter. 
The early complaints against uneven¬ 
ness have almost wholly ceased since 
makers, mindful of their own inter¬ 
ests as well as of the interests of the 
users of their steels, have made a 
practice of sending out annealed bars 
only, except upon special order. 

The Forge Fire. —For forging, any 
good fire, a common forge fire among 
the rest, will serve; though indeed 
here, as in other cases, the better 
results can be expected where the 
bettei’ appliances are used. The first 
essentials are to secure the required 
heat and to keep air currents away 
from the tool while heating. This is 
accomplished in part by keeping a 
deep and clean fire. Coke is better 
than the ordinary smith’s soft coal, 
the latter having a tendency to burn 
out too rapidly. Very good results 


are occasionally obtained in this way, 
though they cannot be expected as a regular thing. If a forge fire must 
be used, a hood of fire brick should be laid up over the fire to prevent 
radiation and the circulation of air currents. This hood makes it some¬ 


what easier to conform to another prime essential in forging high-speed 
steel, namely, that the piece be brought up to the forging heat gradually 
so the heat penetrates uniformly to the very center. This is exceedingly 
important-and will be mentioned again. 
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Advantage of Good Equipment. —Although it is possible, as has just 
been said, to obtain good results with very primitive appliances, it does 
not pay to try to get along without suitable apparatus if even a few 
high-speed tools are regularly produced. These tools are of no especial 
value above ordinary ones unless they are made uniform and exactly to 
the specifications requisite for the various special duties to which they 
are set; and it is the height of folly to spend good money for tools 
indifferently matle. Especially where many tools are requried, suitably 
designed furnaces and other appliances are absolutely e.s.sential to the 
obtaining of satisfactory results. 

Convenience of Gas Furnace — Coke Fire. —For forging, a gas furnace 
is unque.stionably the most convenient; and in the long run it is prob¬ 
ably as economical as any other. .Some users maintain it is more so, 
in the matter of fuel cost, maintenance and tool output. However that 
may be, the coke furnace, when i)roperly designed, is very satisfactory 
and efficient. 

The gas forge has much to recommend it — convenience, cleanliness, 
minimum attention to oi)eration and maintenance, ease of regulation, 
and uniformity of results, among other tilings. Customarily of the oven 
type, it is provided, as is the case with 
gas-hardening furnaces also, with air 
under slight pressure, say one to two 
pounds, and suitable means for control¬ 
ling the flow of air and gas and for 
properly mixing them in order to insure 
perfect combustion and economy of gas 
consumption. 

A Good Coke Furnace. —The coke fur¬ 
nace is much used, both for forging and 
hardening. Where the amount of work 
done is comparatively small, the same 
furnace will answer for both purposes, 
as also will the gas forge. A good form, 
easily built and as easily operated and 
maintained, is illustrated herewith, Idg. 47, a Himpte coke furnace adapted 
47. Essentially it consists of a sheet tu e,ther forcing or hardening. 

metal or cast jacket enclosing the fire-brick heating chamber. Sheet 
metal fuel hoppers are at each side, so placed that the supply of coke 
or anthracite (either may be used, if in small lumps) is continuous and 
is fed directly to the ton of the fire bed. The result is a hollow fire of 
uniform temperature, the fuel being gradually heated in its descent, to 
the temperature of the deep fire bed. The latter, filling the chamber 
to the fore plate, or perhaps slightly above, rests upon a sectional grate 
of cast iron, preferably arranged so as to be rocked when shaking down 
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ashes. The ash pit is also a wind box, w'hence air under slight pressure 
from the blowfer is forced up through the fire. The temperature i.s 
regulated to a nicety by the damper in the exhaust and the cut-off in the 
air supply pipe, and that w'ith almost no attention. When not in use, 
the fuel i.s con.served by entirely shutting off the drafts, the amount 
consumed then becoming negligible. .4.s the gases from a coke 6re are 
almost or wholly non-oxidizing, a tool is not likely to be injured when 
heated in this way. .4n important advantage possessed by this form of 
coke furnace is that the heat is almost wholly confined to the fire cham¬ 
ber, so that there i.s no waste of fuel, or di.scomfort for the operator. 

Gradual Heating Necessary. —The heating i)roceeds at a moderate 
rate, neither too rai>idly nor too slowly. In the former case the heat 
does not penetrate uniformly to the center and in the forging the steel 
does not flow freely under the blows of the hammer, with the results 
hereafter pointed out. There is danger also that cracks will be formed 
because of the strains set up through the unequal expansion of exterior 
and interior. If the heating goes on very slowly the heat soaks up into 
the neck or shank of the tool, and when hardening takes place, unless 
the tool i.s annealed before that operation, this part has lost much of its 
natural toughness — a thing to be avoided, as already pointed out. 
In the case of unannealed stock, which is hard anyway, the slow heating 
is of le.ss consequence. The fire therefore must be clean and well srqi- 
ported by good fuel in the case of a e(d<e furnace, ami well regulated 
in that of the gas furnace. In all cases it must not be too keen, for 
then the outer parts of the tool are almost certain to become very hot 
before the interior reaches a foiging heat, that is to say, at least a bright 
red. It i.s of course, im])o.s.sible to know' precisely the interior condition 
of a heated piece of steel in ordinary practical operations, so that the 
smith must be guided very largely by his experience and judgment as 
to the proper time during which a particular tool is to be heated. It 
is safe to assume, in general, that a piece having a section not greater 
than one inch, if ])roperly ])rotected, or if heated in a good gas or coke 
furn.aee as already described, will be ready for forging when the exterior 
has reached a bright yellow. 

Effect of Uneven Heating.— No hammering should be done under any 
circumstances while the portion of a tool that is being forged i.s under 
a good red heat. Neither should the interior be considerably hotter 
than the exterior, as is likely to be the case when the tool is large and 
forged on a cold anvil. The disregard of these caution.s is almost certain to 
result in defective tools. The consequence is shown in the accompanying 
Figures 48 and 49. When forged with the center much hotter than 
the outside, the former remaining expanded to a greater degree than 
the latter when the forging is finished, contracts on cooling, with the 
result that there are minute openings within, while the outside appears 
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perfectly sound (Fig. 48). If, on the other hand, the outside he flowing 
freely while the interior is still too cold to forge readily, the outer 
portion on cooling contracts over the 
hard inside and in consequence there 
are likely to he many fine cracks on 
the surface, as shown in Fig. 49. Not 
infrequently these defects are not evi¬ 
dent, and make theinsclves known Pm. 48. wi.at ■» iikei.v to take place whwi 

' _ tin* interior of a t<Joi heiiiK fttrKPtl is 

later, during the grimling or machin- muHi imiicr ihai. iijccucnor 
ing (in the case of tools requiring 
this), or more likely during the hard¬ 
ening. Sometimes the damage iloes 
not manifest itself until the tool is set 


Fi(i 4». Uc.suil. likolv to occur when forging 
willi .exterior of tool iinich Imltcr than 
Ulterior (xirtitins. 

to its work, possibly not until 
sometime after, when greatly to 
the surju'ise of the user it sud¬ 
denly fails without a])j)arenf 
cause. 

Forging Temperature.- -It is 

better to do all forging at an 
orange or even a canary yellow 
than below that tem])erature, for 
it in large measure obviates the 
danger of imperfect working just 
liointed out. High-speed steel is 
diffienlt enough to forge anyway, 
eonsiderahly more so than ordi¬ 
nary steels, though less so than 
the .self-hardening steels; and it 
is well to keep it as ductile as 
pos.sihle. The various makers of 
these steels generally give very 
brief directions as to the forging 
heats to be employed, in a number 
of cases indicating that a good 
rod is high enough. In general it 

Pio. 50. Heel of tool being drawn down under steam ),g while this Is 

hummer to give support U) 'C >sc alieost ui- . 

rectly beneath the cutting edge. A power ham- y luirh enOUgll, the reaSOUS 

nier allows rapid forging of large tools and is on ■ .T fe " ’ 

that account very desirable. already stated are sufficient to 

make the higher forging heat desirable in practically all cases. Kven in 
the case of inferior high-speed steel the forging heat must be high enough 
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so that there is no metallic ring under the hammer, only a dull sound. 
The temperature range recommended is something like a hundred or a 
hundred and fifty degrees from and above 1,000 degrees 0., or from 
about 1,850 to nearly 2,250 F. Precise temperatures are, in forging, 
not a matter of particular concern, the colors being sufficient guiiK- if 
care be taken to keep the temperature of the interior and of the exterior 
approximately uniform and well above the minimum bright red already 
suggested. 

Cautions as to Hammering.—The propei- heat having been obtained, 
the forging is done in the customary manner. Inasmuch however', as 



Fio. 51. TcmjI bent down across edge of the anvil ("turned up”). 


high-speed steel works somewhat harder than ordinary steels, it is neces¬ 
sary to exercise some discretion with i-espect to the force of the blows. 
Indiscriminate hammering is likely to ju'ove ruinou.s. A large piece 
needs to have the blows heavy enough so that their force sinks into 
the interior instead of being absorbed at the surface alone. On the 
other hand, a light tool would be ruined by heavy blows unsuited to 
its size. 

It is important also that the forging be done rapidly, so as to be 
completed in one heat if po.ssible. This helps to avoid the troubles 
just described. Tools requiring con.siderable working, as in the case 
of the Taylor standard lathe tools, for example, generally require at 
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least two, and sometimes three heats, according to the tool and the 
number of helpers or the use or nonuse of a power hammer. The 
latter not only saves labor, but is likely, especially in the case of heavy 
tools, to add considerably to the excellence of the forging. 

Successive Steps in Forging. —Concerning the suc(*s.sive steps in the 
forming of a tool, and the special methods to be employed, it would 



Fiu. 52. Koriniug a beut aide tool. 


seem scarcely nece.ssary to say much. The steps are practically the 
same as those in the making of a tool from oi'dimiry steel, and the 
methods may be about the same also, except that it is well to take into 
consideration the fact itiat the tungsten steels foi-ge with greater diffi¬ 
culty than carlwri steels do, and that in bending and similar work it 
is desirable to resort to certain expedients for facilitating the work, 
as shown in the accompanying illustrations. Figures .'>1 to .56 inclu- 
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sive/ some of wliicli show the methods reooinmeiided by Mr, Taylor. 
The elamp uttacdiment for the anvil, shown in h'igure 51 is of partic¬ 
ular interest. Its appliciation will l)e readily understood from the 
illustration. 



Fig. 53. Formiog a aide roughiog tool. 


Close vn. Rough Forging—Gages. —It is well to shape the tool as closely 
to the required form and dimensions as possible without over refine¬ 
ment, in order to save grinding. Of (snirse there is an economic limit 
to the closeness of the forging, for when this approaches refinement, it 
is cheaper to grind. It is desirable to use gages freely for testing the 
form and size of tools as the wmrk progresses. In some cases forms 
have been used in (connection with the anvil (Fig. 55), in which the 
shapes afe forged with precision but without great expenditure of time. 

' Figures .50, fil, fit, 50, 57 and a number of others throughout this book, are 
taken from Mr. Taylor’s Address. Figures ,52, .5.5, and several others also, are used 
through the courtesy of the Gisholt Machine (,'ompany. 
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Customanly a coxiibinatioii gage, giving all the required angles of a 
particular tool, will be sufficient. Mr. Taylor, in his report already 
mentioned, desoribe.s and illustrates along with others, a surface plate 
and cone gage, here shown in Fig 56. The plate has a hole in one 
corner, into which fit the dowels of various cones giving the desired 
angles. The limits gage, intended to lie used in the making of the 
Jaylor standard lathe tools, also is illustrated, at Fig. 57. This indi¬ 
cates the extreme limits within which the forging must be done. The 
limits may vary in diflerent sliops according to the adequacy or iq- 
adeipiacy of the grinding facilities. The cheaper the grinding cost, 
the less a(a‘urat(^ of course mav be the forging. 



A very simple and convenient gage, Fig. 58, which, however, does 
not give jirecisely the actual lip slope, consists of a small piece of sheet 
metal giving all the angles of a particular tool. A surface plate is almost 
essential in connection with this gage. Not quite so simple, but very 
convenient, is the gage shown in Idg. 59. This resembles somewhat 
the Taylor limits gage, .nit gives only the minor limit of the nose form. 
In addition it gives. ;■ i the Taylor gage also might be made to give, 
all the other angles required. Of course, a set of gages is required, 
one for each tool made in ciuantities sufficient to warrant the expense. 
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Form gages should provitle for an allowanoe of to J inch which is 
to be ground off the working edge of the tool. Even when gages are 
deemed unnecessary, this allowance is to be made by the smith; other- 




Fio. 68. Simple capo used for testintt ancles of Enclish form of blunt-nosc tool. 
• urtesy ‘f Suniuel (Xsliorn & Co., Ltd. 


wise the amount ground off will not Ire sufficient to remove all the 
burnt metal, and the tool will in that case work at a low efficiency 
until it has had several grindings. Many have noticed that, in their 
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own experience, tools seemed to improve with use, at least for some 
time after being set at work, iiarticuiarly if the grindings were light. 
That is, after each grinding the tool seemed to last longer than before. 
Of course thi.s is exactly what would be expected to happen when the 
tool has been insufficiently ground the first time. Each grinding 
removes more of the somewhat burnt outside portion, until the unin¬ 
jured metal is reached and the tool works at its highest efficiency. 



I 

I 

I 

Fio. Sfl. Simplo Rftgc fur sfandard roughing tool. 

Need for True Tool Bases.—It must be remembered that the tools 
now under consideration, mostly lathe and similar forms, are subjected 
to tremendous sti-ains, and that they must on that account be held 
very firmly in position. For this reason, it is necessary that the side 
upon which such a tool rests in the post or holder shall be smooth and 
true, so that it shall be firmly supported. After hammering true on 
the anvil it is well also to grind the base. 

Guarding Against Strains~ Re-annealing. —If reasonable care has been 
exercised during the forging it is unlikely that strains will have been 
set up. It is well, nevertheless, to guard against the pos.sibility of 
them by re-heating tools to a bright red, holding them at this heat 
for a short time, and then allowing them to cool slowly In air or in dry 
ashes. This is to be done before the hardening, and after the forging 
heat has gone dgwn below a black. The partial annealing not only 
helps to remove possible strains, but softens tools so that they can be 
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ground with ease to their approximate shapes, or machined without 
difficulty, should this operation be necessary. It likewise anneals the 
neck or shank of a tool when this has for any reason been allowed to 
reach a high heat during the forging of tlie cutting portion. 

Grinding off Excess Metal.—Excess of metal, beyond what is neces- 
sardy removed after hardening for reasons previously given, is best 
ground off immediately after forging or annealing as above, on a dry 
emery wheel. This may be done while the tool is still red hot, or at 
any subsequent time before hardeidng. 

Danger in Stamping High-Speed Tools.—Attention has been directed 
t-o the possible results attemling nicking and breaking off tools from 
the bar stock. It is \invvise also to make .any nicks or mai’ks on a high¬ 
speed steel tool at any ])lace whci’c stresses are a|)plied. All stampings 
or other marks, .such as are customarily made for identification, should 
bo ])ut in places where cracks can do no harm. ,4 mark or nick in 
high-speed steel acds very much as does a diamond scratch in a sheet 
of glass, and will, in a part of the tool sidcject to stnuns, often eventu¬ 
ate in its ruin. Even when jdaced where no harm apparently can come, 
it is advisable that the marks be no deeper than necessary to serve 
their jiurpose. 

Forging vs. Machining Tools.- It may be well to observe here that 
no tool should be forged which can, withoul prohibitive expense, be 
machined from stock. This gemeralization practically limits forging 
to lathe and other tools of similar form, made from the solid stock. 
Tools like punches may seem easily forged; but their tendency to burst, 
even when carefully forged, is a sufficient reason for turning down 
from stock rather than forging them. 



CHAPTER VII. 


HARDENING—THE HIGH HEAT TREATMENT PRACTICALLY 

APPLIED. 

Uncertain Results—“ Over-Refinement.”— A.s in forging, so in harden¬ 
ing, very crude apparatus can he utilized, sonietiincs with satisfactory 
results. For the hardening of an occasion.al tool only, it might be ad¬ 
missible to use the protected forge fire already d(!scribed. But there 
would be no certainty in the results. A tool might, or might not, come 
out right. The only safe course is to Use a pro])erly designed furnace. 
If any considerable number of tools arc used, a suitable e(|uipment is 
indispensable if it is really desired to make tools which will exhibit the 
powers and advantages of high-speed steel to the fullest extent. The 
derision of over-refined methods, the feeling that tools good enough ” 
can bo produced by common, crude methods, has no point. Over- 
refinement is of cour.se po.ssiblc, and the manufacture of tools can be 
made unnecessarily expensive. Hut it must not be forgotten that 
“good-enough ” in the case of high-speed steel tools means, if it means 
anything, that the tool is jiropcrlj/ made .and treated, so that it works 
at its best and does not become in the end a very expensive tool by 
failing or by spoiling a lot of work. For all work where endurance and 
accuracy co\int for anything, that is to say, where tools need to be ac¬ 
curately sized and to stay so for the maximum time, as well as to work 
during a maximum period, refined appliances and methods represent 
money profitably invested. 

Oil and Coke Furnaces.— The coke or anthracite furnace described 
and illustrated in the preceding chapter, Fig. 47, is well suited to harden¬ 
ing high-speed tools, as is that .shown in Fig. 60, herewith. There are 
also many other suitable coke furnaces in use. When used for harden¬ 
ing heats, it is desirable that there be some arrangement for suspen<ling 
the tools just above the fire bed, to keep them from contact with the 
fuel. A fire brick hearth or floor can easily be placed just above the 
fire bed, and this w'ill be wry convenient in doing some kinds of work. 

The oil fui'nace is, in general, not .suited to the hardening of high¬ 
speed tools. It is difficult to regulate the temperiiture or to keep it 
high enough; and ordinarily there is a good deal of oxidation. On 
finished tools this Is particularly objectionable. The oxidizing action 
is in some gases partly obviated by the use of a baffle plate or a muffle; 
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and may indeed be wholly overcome by designing the furnace so that 
the tools are heated within a muffle or a crucible which in turn is raised 




Fig. 61. Bro- -.tv twin '•hambcred hardening furnace, for oil or 
gas fuel. The illustration shows the furnace equipped for 
burning oil. The upper chamber is heated by waste heat from 
t!ie lower, and is used for preheating. 

to a white heat by the rotating flames in the fire chamber. The flames 
must not be directed against the crucible, either in such an oil furnace 
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nor in a similarly designed gas furnace, else holes are likely to be melted 
into the pot. An English furnace, Fig. 61, in which the flame is 
directed downward, toward the floor of the fire chamber, is claimed 



Fig. 62. Rockwell oil-bunuuK furnace, complete with tank and blower. A self-coatained outfit 
especially adapted to isolated duty. 

to be quite satisfactory; and at least one American furnace. Fig. 62, is 
claimed to have overcome the diflSculties and to be well suited to this 
use. 

Gas the Ideal Fuel. —There is some diversity of o|)inion as to ju.st 
which kind of fuel is test for high-speed steel heating, some maintaining 
that coke is not only ideal, but the only fuel which allows absolute 
control of temperature. On the other hand, the experience of othei's 
shows that gas furnaces are now made which will accomplish practically 
all that any coke furnace will do. This type is unquestionably the 
most convenient; and while it is true that the first cost of gas seems 
high, when everything is considered, it really is little if any more costly 
than other satisfactory fuels. The objection that in the gas furnace, 
as well as in others mentioned, oxidation of the tool takes place, has 
some foundation. It is true that, as often operated, the heating chamber 
of a gas furnace will contain more or less unconsumed air, and that 
some oxidation, takes place as soon as the tools reach a high tempera¬ 
ture, above a moderate red. Most of this, however, is unnecessary in 
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a propel ly designed and intelligently operated furnace, for the supply 
of air and gas will lie so regulated that all the air will be consumed. 
The oxidation complained of not infrequently occurs because air currents 
entei the fire chamber through doors carelessly left open. .\nyway, 
there is likely to be less of this scaling caused in the furnace than in the 
subsequent exposure in air-cooling, or in carrying to the quenching 
liath. With jiroper care all except those tools requiring the finest 
finish and the utmost precision can be hardened satisfactorily by using 
gas furnaces for the heating. 

Gas Manufacturing Plant.-This type of furnace can be used even 
where a supply of ga.s is not available; for fuel gas manufacturing 


Fig. 63. An apparatus for producing gas from naphtha at a low cost. Desirable where gas is not 
available, or where the cont h excessively high. Aioencau Gas Furnace Co. installation. 

plants in size suitaiile for supplying an equipment of gas furnaces are 
obtainable at a cost a--,'' with an economy of production which makes 
them desirable even where artificial gas may be had at the customary 
price. The cost of gas is, generally speaking, in this way reduced at 
least a half. In any event, the cost of the fuel is by no means the most 
important item ii. the making of high-speed tools; nor indeed is it of 
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great consequence in computing the net results. A single expensive 
tool spoiled for want of suitable facilities for hardening it, will pay for 
enough gas to heat a great many other tools. And with inadequate 
equipment many a tool is spoiled, or imperfectly hardened so that it 
falls below its maximum efficiency. Producer ga.s, it should be stated, 
has not been found well adapted to the production of such high tem¬ 
peratures as those required in hardening high-speed tools. Oil or coal 
gas is recommended. 

Gas Furnace Design.—Excellent gas furnaces are obtainable at mod¬ 
erate cost, and it is not intended to discuss here their proper design 

further than to point out a. few 
important considerations, k fur¬ 
nace should be of such form that 
the heating chamber can be, if re¬ 
quired, entirely enclosed, to i)re- 
vent radiation anil fluctuation in 
temperature by entering air cur¬ 
rents. The gas and air should be 
supplied to the fire chamber al¬ 
ready mixed in proper ])roportion 
for complete combustion, and so 
directed that the heat fulling upon 
the tools is for the most part that 
radiated from the fire-brick walls 
of the chamber or qven. It is de¬ 
sirable therefore that the flame be 
given a reverberatory movement 
by suitably curved walls or muffle 
plates in the heating chamber, or a 
rotative motion by a tangential 
arrangement of the burners or 
nozzles, so that it will be directed 
pnsf rather than toward the center, 
where it would impinge directly 
upon the tool. The air supply must 
be at a pressure of between one- 
half and two pounds per square 
inch, the air blast inducting the gas. Both air and gas supply must 
be under perfect control. These considerations hold in the case 
of forging and oil-tempering furnaces as well as with those used for 
hardening. 

Electric and Special Furnaces.—More convenient than any other type 
of furnace, and more easily regulated, is the electrically heated; and this 
js coming -into, considerable use, especially for small work, testing. 



Fig. 64. An excellent type of gas^fired oven fur¬ 
nace. The flame tmpingce upon the under aide 
' of the floor upon which the tools rest. 
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and the like. Ordinarily the cost of electrical energy, in the operation 
of a large hardening plant, runs rather high. 

For special form.s of tools, specially adapted furnaces are desirable. For 
long and slender tools, like taps, drill, reamers, and the like, which are 



Fia. Cj. An eKM-lrifally-hi*Hlecl furnace for hardening amull and tiiediuui-aited piecps. 



Vjfi Ait A vertical ea.’- for lieating slender tools suspended by their shanks. 

' Cv — tesy of i.Jiericau Gas Furnace Co. 

best hardened suspended from the shank, a cylindrical or rectangular 
vertical furnace is much better than an oven furnace. A modification 
of this form is suitable also f(/r hardening in an empty crucible, as is 
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sometimes done. It resembles, in its general features, the oil crucible 
furnace already described and is identical with that shown at Fig. 8.4 
in the chapter dealing with the barium proce.ss. Other special forms 
also can be used to advantage where enough work is done to warrant 
their installation. Such i.s a special die-hardening furnace, which is 
designed to harden only the face of a largo die. Oil-tempering and other 



67. Htewarl cylindrical (Ku.s-firc<l) crucible furnucc, (.'hicu^o Flexible Shaft Co. 


furnaces for relieving hardness or strains also are essential to a well 
equipped hardening plant. These will be described in another place. 

The type of furnace to be u.sed will, as may have been inferred, de¬ 
pend a good (leal upon the kind of tool to be hardened, so that it is 
desirable to equip a hardening room with two or three different forms 
to meet the varied recpiirements. There will also be other appliances 
such as those for quenching, for example. 

Minimum Hardening Equipment.—The minimum equipment to be 
considered will include a combined forging and hardening furnace, 
of any of the kinds already described; and an oil-quenching bath, or a 
stream of air under slight pressure. The apparatus for air-cooling may 
be of the crudest form — nothing more than a pipe of any desired size 
(not too small, say not under f inch), leading from the air supply and 
provided with a suitable cut-off, or pressure-reducing valve, if compressed 
air is used. Occasionally tools can be hardened with no cooling appara¬ 
tus whatever, merely being laid in a cool place, preferably where there 
is a current of moving air. This however, is taking long chances on 
tools, for no certain results can be expected under such crude conditions. 
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A Moderately Complete Outfit.—A fairly pomplete outfit consists of 
a forge, an oven, hardening furnace, an oil hardening bath or air-cooling 
table, and an oil-tempering furnace. Both the latter are described in 
the paragraphs indicating their use. A well equipped shop for forging 
and treating high-speed steel tools, however, would contain the follow¬ 
ing: 

{a) A forge of suitable si^e for ordinary work. Its use has been 
already indicated. 

(i) A medium (or large, according to the work to be done) oven fur¬ 
nace for the hardening heats. The small oven furnace or forge would 



Fig. 68. Stewart eoiiibinaUuii Ka.s furnace, with lead bath. 


be used occasionally, no doubt, for small pieces. This furnace could be 
used also for what annealing would be necessary in most hardening 
plants. It would, along with the forge, serve for pre-heating in con¬ 
nection with the barium bath and crucible furnace, as well as with the 
customary methods of uai dening. 

(c) A cylindrical or ■•ectangular vertical furnace of the kind already 
described, for heating long, slender tools which are best suspended 
from one end-while being heated. If necessary, for the sake of economy. 
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this furnace could be easily adapted so as to be suitable, when pro¬ 
vided with a crucible for that purpose, for hardening in barium chloride, 
or for hardening in a crucible without a bath. 

(d) A lead bath is very useful where there is a wide range of work, but 
is not essential in high-speed tool hardening, especially if a barium 
furnace or a crucible furnace using no bath is adopted. A convenient 
and economical arrangement is a lead bath on the same base with a 
forge and oven furnace, as shown at Fig. 68. This economizes space 
and is very convenient. 

(e) A cylindrical crucible furnace used without a bath. This is less 
convenient than an oven furnace,, but is used in some plants because 
it practically prevents oxidation of fine tools while being heated. It 
does not, however, prevent oxidation, to some extent, when the tool is 
exposed to the air before or during cooling; and for that reason, 
among others, it is less desirable than the barium bath furnace. The 
lead bath, barium bath, and empty crucible furnace all can be so made 
as to utilize the cylindrical furnace body by interchangeable crucibles. 
It is of course more convenient to have a furnace of each kind likely 
to be much used in doing the sort of work in hand. In that case, this 
crucible furnace will likely be omitted, unless it is the intention to heat 
tools by this method as a regular practice. 

(/) An oil tempering furnace for “ drawing ” the temper of such tools 
as require this to be done after hardening. This is descrilxsd in a later 
chapter. 

(g) A quenching bath or air cooling device. A very simple affair for 
cooling with air has been already referred to, which is quite good enough 
for rough tools of the simpler sort. For careful work a hardening table 
is desirable, and one suitable for this purpose is described in connection 
with the methods of cooling, as likewise is an oil quenching bath. 

Heed for a Temperature Gage.—A pyrometer for gaging the tempera¬ 
ture and checking against the operator’s judgment frequently, is es¬ 
sential to continuous good results. The novice, especially in the manip¬ 
ulation of the new steels, needs the guidance of such an instrument; 
and the experienced operator himself cannot afford to get along without 
it,-especially when working with the barium or other bath process. 
For the latter, a pyrometer of the thermopile or the resistance type is 
generally used; while with the direct heating processes either of these, 
of a radiation pyrometer of the Fery type, can be used. It is well to 
have the fire ends (where this type of pyrometer is used) interchange¬ 
able on the different furnaces, or with a separate set for each, any one 
of which may be switched into the circuit with the indicator or recorder, 
whichever may be preferred. 

Pyrometers which will give uninterrupted good service under the 
intense temperatures to which they are subjected in this kind of work, 
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are not easily obtainable. The fire ends break after being used but a 
few times; enclosing porcelain tubes crack and crumble; or the thermo¬ 
couples deteriorate and cease to work i)roperly. In any of these cases 
the indicator or recorder of course does not register correctly, and there¬ 
fore is of small use, if indeed it docs not mislead. When the fire end 
is suspected, it is well to check it with another pyrometer of known ac¬ 
curacy, or with clay temperature determining cones, sometimes called 
sentinel pyrometers. These latter are very convenient also in the 
absence of a pyrometer, to determine high temperatures. They are 
cheap, accurate and are ol)tainal)le in large variety. Each cone is 
numbered for identification, and melts down or fuses when the pre¬ 
determined temperature has been reached which the particular cone 
was intended to indicate. The cones oijvionsly are not available for 
determining the temperature of a molten substance, a.s in the case of 
the barium or lead bath. 

Supplemental Equipment.—If any forging is done in the hardening 
room, even though not regularly, there will be also an anvil and the tools 
usually accompanying the same. The anvil illustrated in the previous 
chapter, in connection with the forging of a Taylor standard tool, is 
very convenient. 

There should be provided also a suitable variety of tongs and other 
appliances for handling the tools, some of course of the conventional 
forms used for the purpose, and others especially adapted to the han¬ 
dling of tools requiring to be heated all over or which for other reasons 
cannot well bo handled by ordinary tongs. The jaws of ordinary 
tongs, covering a.s they do a more or less considerable portion of the sur¬ 
face of the tool in hand, afford, the temperature of the parts so covered 
.and likewise prevent their coming into free contact with the oil or air 
in cooling. The excellence of the tool is thus impaired, often to a con¬ 
siderable extent. Many failures to secure results with high-speed steel, 
to say nothing of ordinary tools, are unquestionably due to so apparently 
small a thing .as this. 

In some instances tongs wdth in-curving ends, properly formed to gra.sp 
the tools, are useful ; in others the jaws may be studded with projecting 
hobs or prongs so that but a small amount of relatively cold metal 
touches the tool. Various desirable forms will doubtless suggest them¬ 
selves as the occasion arises for their use. 

Arrangement of Hardening Room.—The arrangement of the various 
furnaces and baths will depend much upon the number to be installed, 
and the limitations of the hardening plant — among other things, 
whether or not carbon steel tools, or even other objects, are to be hard¬ 
ened also. Assuming tb: t a h.ardening plant for high-speed tools only 
is contemplated, and is equipped with the appliances enumerated above, 
the arrangement would be somewhat like that shown in Fig. 69. At 



88 


HIGH-SPEED STEEL 


the extreme end would ho the forge, and opposite it the anvil; next 
the -small hardening furnace, if there be one, and the medium or large 
oven furnace; and beyond them the cylindrical and the barium furnace. 
Opposite these is the best place for the air table and oil bath, or cither, 
if but one is to be used. On the same side with the cpienching appli¬ 
ances and ranged at one side of them, arc the lead bath, if there be one, 
and the oil tempering furnace. It is seen that this arrangement econo¬ 
mizes space and practically centers the furnaces about the air table 
and quenching bath. The circular arrangement is avoided, though it is 
rather more convenient, because the space in which the operator works 
will doubtless be found q\iite hot enough wilhoul having focused upon 



Fi<i. fiO. Tdiyoiit <iS htirdoiiiiiK rotmi of fapjicitv sufficient for hardcniiiK ull the tools u.s<‘<l m a large 
iiiunufucluring pluut. 


him the radiation of all the furnaces which happen to be in use at one 
time. If coke furnaces are used, the arrangement would be different only 
to the extent that these replace the gas furnaces here contemplated. There 
would perhaps be fewer of them, but each would occupy more s])ace. 

Provision for Ventilating.— Each furnace and bath should be ])rovided 
with a hood, preferably telescoping so as to permit lowering'or raising 
as occasion may require, to carry away fumes, smoke, and ex(;es.s heat. 
It is desirable that the hoods be connected to a common vent which 
is exhausted by a fan. This will not only keep the room free of fumes, 
but will add greatly to the comfort of the operator by creating a cooling 
draft. The fumes from the lead bath at the high temperatures to which 
it is necessarily raised, and from the barium bath also under certain 
conditions, are very irritating and must not be allowed in the room. 
It is well also to jacket the furnaces. 
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Fig. 70. A well equipped and arranged hardening room. 
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I'lG. 71. “ Ku<;h furnace and batli ahould !>c provided with a hood, projicrly connected to an exhaust.” 

Individual hoods, one for each furnace, are to he preferred. 


r 



Fio, 72. Hardening room. Standard Tool Omipany, Cleveland. The furnaces arc surrounded by a 
continuous i^eet-metal jacket to prevent the distribution of beat into the room. Light is made even 
by tbo baffle shutters. 
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Heating Simple Tools. —Heating high-speed tools for hardening is 
a very different thing from heating them for forging, not only with 
respect to the temperature, but to the variation in method also. The 
way in which a tool is heated and quenched, in hardening, depends 
very much upon its form and the use to which it is to be put. 

Lathe, planer, slotting, boring and the like tools can for the most 
part be readily ground to shape after hardening, and are on that account 
the simplest to treat. The heating may be done in any of the furnaces 
already designated as suitable for the purpose. It has been done 
successfully also in an ordinary smith’s forge, though as already pointed 
out this method is not reliable and is undoubtedly responsible for many 
disappointments and f.ailure,s. If no better means of heating are at hand, 
the forge fire should be covered with a hood, as already described in 
the chapter on forging, and the bricks well heated before any tools are 
placed in the fire. 

Gradual Heating Required.—When using a fire of this kind, or a coke 
furnace alone, it is well to place a number of tools toward the edges of 
the fire or upon the ample foreplate provided for that purpose in the 
case of the coke furnace, bringing each in turn nearer to the hottest 
part of the fire. This allows of slowly bringing the temperature up to 
a bright red, about 1,000 degrees ('. (1,800 F.). When this heat has been 
reached the tool may then be rapidly brought to a dazzling white, 
anywhere above 1,200 degrees (’ (2,200 F.), so the surface begins to flux 
and the corners and edges show signs of melting down. A few steels 
will harden prf)perly somewhat below this temperature, and it is well 
to note and follow the direc¬ 


tions of the makers on this point. 
There need be no fear of over¬ 
heating, for as a rule no good 
high-speed steel is injured by 
any heat to which it can be 



subjected in any fire such as has 


been here described. 

Time and Extent of Heating. 
—The time required for bring¬ 
ing a tool from the red to the 
white heat will of course vary 
with the size of the tool and the 



intensity of the heat. Under 
good conditions it should not 
need to take more than two 
minutes for a one -iilv’Il tOvl. 


Fio. 7S. The first tool hai? been heated rather farther 
back than necessary. The line AB indicates ap¬ 
proximately the extent to which the tool should be 
thoroughly heated. 


It is important that t^e heat soak into the interior of the nose or working 
part so that it is uniformly hot throughout; and that while the whole 
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of the nose is so heated, the heat shall not soak up into the neck of the 
tool. The white heat should not pass beyond the line AB, shown in 
Fig. 7.3. It is to be noted also that some makers of these steels recom¬ 
mend that the heating be gradual from the cold to the intensest white. 
This, however, does not seem to be really necessary, and it is usually 
more convenient to heat, in the way indicated above slowly to a red 
and rapidly afterward to a dazzling white. 

Using the Gas Furnace.— If a gas furnace is used to give the harden¬ 
ing heat, rather more care must be taken to keep the white heat in the 
nose of the tool. It is on that account desirable that tools of this kind 
be suspended through an opening in the top of the furnace, so the ex¬ 
tent of the heating can be controlled as closely as necessary by the 
distance to which they protrude into the heating chamber. It is de¬ 
sirable that the first or slow heat be given in a pre-heating furnace, the 
temperature of which is kept at or near a red heat, say about 700 or 
800 degrees C. (1,300 to 1,500 F.). The tools are transferred to the high- 
heat furnace as rapidly as they can be handled conveniently. This serves 
the double purpose of preventing, in the ca.se of large tools, the sudden 
lowering of the high temperature in the hardening furnace and the 
consequent need for regulating it again, and the blistering effect upon 
the surface of tools thrust cokl into a furnace at white heat. Not only 
is the surface bli.stered under these circumstances, but the outside of 
the tool heats so rapidly that corners will l>e melted down and the tool 
will have the appearance of being ready for cooling when as a matter of 
fact the interior probably has not nearly reached the required tempera¬ 
ture. A tool hardened in this way very naturally would be defective. 

Grinding to Shape before Hardening.— In order to avoid excessive 
grinding of the hardened tool, it should be brought pretty closely to 
the required shape on a dry emery wheel after cooling down from the 
forging heat and before being subjected to the hardening heat. Some 
allowance must of course l)e made for the grinding subsequent to the 
hardening, to remove the burnt skin and restore the cutting edge. 

Precautions Necessary.— All tools with projecting edges, grainedsurfaees, 
sharp angles, or many clearances, are peculiarly susceptible to cracking 
duringand afterhardening unlessthishas been carefully and properly done. 
It is evident, therefore, that all pos.sible precautions should be taken, by 
the use not only of care and intelligence in the treatment, but of adequate 
and approved special appliances whenever these have been shown b; 
experience to help bring the best results. The need for certain special 
hardening furnaces indicated in a previous paragraph is made very 
evident when tools of the clas.ses just mentioned are to be hardened. 

Suspending Slender Tools. —Such tools as long taps, reamers, drills, 
and the like, especially when slender, are very liable to warping and 
bending, unless heated (and cooled also) in a vertical position. They 



HARDENING — HIGH HEAT PRACTICALLY APPLIED 


93 


should therefore be suspended by their shanks during the heating. A 
vertical furnace such as has been already described, and illustrated in 
Fig. 66, is desirable for this purpose, though a coke furnace could have 
its top suitably arranged to allow of the same thing. The shanks of 
the tools project through holes in the cover of the furnace and they are 
held in place by tongs or holders provided for that purpose. The pre¬ 
heating can be carried on in any convenient way. 

Temperature Limits. —The temperature is not carried as high as in 
the case of tools which can be ground after hardening, and must always 
be short of the point where the cutting edges begin to melt. The limit 
of temperature is about 1,250 degrees C. (2,300 F.) except for heavy rough¬ 
ing cutters, when it is 50 to 100 Centigrade degrees higher, and may 
range downward to a hundred degrees below that point, or from a mel¬ 
low white or light straw to a bright lemon or very light orange color. 
Where the tools are of such a kind that the cutting edge can conveniently 
lie rc-gn)und after hardening, the heat may be carried up to that gener¬ 
ally given to forged tools, or a little above 1,300 degrees C. (2,400 F.). 
Tools for most kinds of work are the better for this, if they will allow 
of the higher heat. The tools must not be allowed to touch the fuel 
nor be exposed to a flame after reaching a yellow heat, lest the cutting 
edges be injured It must be remembered that, as in the hardening 
of all high-speed tools (except as ixiinted out in the chapter dealing 
with the barium process), the heating must proceed evenly throughout 
the tool or throughout that part which is to lie hardened. Otherwise, 
strains are sure to be set up during the cooling, which are not relieved 
by the ordinary methods of tempering even, and which inevitably 
affect the endurance of the tool. All tools of intricate shape are pecu¬ 
liarly susceptible to cracking from such strains, the defects frequently 
appearing long after the tools have been set at work, if not immediately 
after the cooling. 

Watch the Pyrometer Indicator. —Success in hardening these tools 
depends very largely in getting just the right temperature in the heating. 
It is very necessary, therefore, to watcdi carefully the progress of the 
heating when the color begins to verge on a light yellow, so that the 
cutting edges shall not be damaged and a crust formed which would 
afterward need grinding off and thus affect the size of the tool. It is 
well to consult the pyrometer frequently at this point, for the varying 
Renditions of light on different days and even in different parts of the 
Same day are quite enough to affect the judgment of the operator. 

Milling Cutters and Like Tools.— Milling cutters and similar formed 
tools are heated in practically the same way as are tools of the kind 
just considered, except that tne cylindrical furnace is not used. It is 
no better than the ove.. furnace for these tools, if as good. The cutting 
teeth or edges must however be kept from contact with fuel or furnace 
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walls and floors, and’ it is well therefore to set such tools on end upon 
pieces of fire brick of appropriate size, or to suspend them from above 
by a Ruitalfle arrangement. 

Unless this precaution is taken the keenness of the edges is almost 
sure to be impaired, if indeed the hardening also be not affected. For 
the same reasons, more especially because the proper hardening is sure 
to V)c affected, in handling tools of this sort, tongs or other appliances 
must be used which will not touch the cutting edges. 

If such tools are of nece.ssity heated in a forge fire, they should be, 
like drills and reamers, frequently turned; and it is well to do this 
however they may be heated. The cutting edges must not be allowed, 
when at a yellow heat or above, to rub against tlie fuel; and it is better 
that they do not even come into contact with it. This is one of the 
reasons why a forge fire is not well suited to the hardening of fine tools. 
Another reason is the oxidation which inevitably takes place to a greater 
or less extent under such crude conditions. 

Oxidation and its Prevention.—To protect such tools, heated under 
these conditions, from scaling and impairment of edges, a file-maker’s 
paste, sometimes called a hardening paste, has been used by some, 
’riiis however, while possibly .serving the jiurpose desired to a consider¬ 
able extent, leaves the surface of the tool unclean, so that the hardening 
is not infrequently affected. 

The oxidation trouble is often v'ery annoying, when it is lU't ])revente(l, 
necessitating the re-grinding of tools after hardening and consequently also 
necessitating making them in the first place enough larger than the 
finished size to provide for this contingency. Mxcept in the forge fire, 
oxidation need not occur to any considerable extent in any properly 
designed and intelligetdly operated furnace. Ordinarily most of the 
oxi<lation takes ])la(« after removal from the furnace and while the tool is 
exjio.sed to the air. It is desirable therefore that tools be not carried, 
exiK)sed to the air, any considerable distance for the cooling. This is 
ilnperative in the i^ase of fine tools and those with sharp edges, unless 
they have been heated in the barium chloride bath. 

Lead Bath and Pack-Hardening.—It is to prevent oxidation entirely that 
the lead bath, the empty crucible muffle furnace, and like means, have been 
resorted to. These will be further considered in connection with the 
barium process, in a separate ( hapter. The “ pa(;k-hardening ” of fine 
t()ol.s serves its purpose quite effectively, but is now little practiced be¬ 
cause the same results can be obtained by less troublesome means. Wherfe 
adequate facilities for getting the same results in a quicker and more cer¬ 
tain way are wanting the method still serves a purpose. The usual 
practice is to enclose the cutters, if small, in a piece of wrought-iron 
pipe, packed closely with charcoal, fine coke, or other customary pack¬ 
ing, with tlie ends of the pipe sealed with clay. If much of this sort 
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of work is to be done there should be a suitable pot, preferably of wrought 
iron. Cast iron will do, but it must be expected that the bottom will 
drop out occasionally, .so intense i,s the heat required. Tools placed in 
the packing ca.se should not touch one another, and, where this can be 
done conveniently, should be suspended by a common support before 
packing, to facilitate their subsequent reniov.al and quenching (Fig. 74). 
The j)ot and contents, after sealing \qj, are placed in the white-hot fur¬ 
nace until the whole is at the uniform high heat necessary for hardening 
the particular kind of tools in hand. No ride can be laid down for the 
length of time rcipiired, since that will depend entirely upon the .size of 
the tools and pot. The operator must be guided by experience —• and 
the pyrometer. Some indications as to the condition of the tools may 



Fio. 74. Pol. for “ pack hardoninc ” tools, with method of susix’nding cutters for 
c<jnvcment liuudimt; and avoidaufc of contact m <iucnchmg 


be obtained by the old exiiedient of withdrawing from time to time 
wires jireviously inserted in tlie pot for that jmrpose. The contents 
having reached the siecessarv tmnperaturc, tlie pot is withdrawn, and 
its contents removed and (|uenche(l as rajiidly as possible. 

Causes of Scaling. - It may be of interest to mention the causes of 
scaling or oxidation. The e.xplanation is very simjile. .Vt high heats 
iron and oxygen (which latter constitutes about a fifth of the atmosphere) 
have a keen chemical affinity for each otliei’, and t.he oxygen of the air 
attacks the hot iron (or steel) with gi’eat avidity. The restdtant of their 
chemical combination is a scale constituted of iron oxide, which is the 
same as common red iron laist except that the latter contains some 
water while the former does not. Scaling takes place also wdicn steel or 
iron is left in contact w'itli fuel through which air is jiassing or with 
which air is mixed Hence the need for the cautions ju-eviously given 
with reference to such contact. 

Special Methods.— I'uc need for exceeding care and the use of suitable 
appliances in the hard'iiing of high speed steel tools, in order to insure 
proper and uniform hardening and to avoid deformation of their shape. 
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has ))eeii already referred to several times. Nevertheless its importance 
warrants still further mention of the matter, especially in connection 
with the u.se of gas or other furnaces with floors or hearths. Tools of 
compact shape can, when so heated, l)e placed directly upon the floor 
of the heating chamber, or prefcraldy upon pieces of fire brick; and are 
removed in the ordinary manner, the tongs of course being suited to the 
purpose. Long and slender tools, and others which are likely to be 
deformed, may be laid upon bricks or bars which have been carefully 
leveled, and are removed by the aid of pronged bars or other suitable 
implements. To c.xpcdite the heating of many small tools, say like 
inserted cutter blades, they arc laid upon parallel bars which in turn 
rest upon the floor of the furnace. A flat bar or suitably pronged rod 
can be ii.sed for placing or removing a whole row of them at once. In 
all these cases the'implemcnt u.sed for handling the pieces is to be well 
heated up l)efore lifting tliem out, for reasons already a.ssigned. 

Punches, Shear Blades, etc. —For hardening punches, punch dies, shear 
blades, forming dies, and a variety of other tools more or less like them 
in use, the heat is not brought as high, generally speaking, as for those 
classes of tools already considered. These tools preferably are ground 
closely to shape before being hardened. The temperature is in all cases 
kept below a clear white heat — say at a lemon color or near 1150 degrees 
(\ (2100 F.). From this it may range downward, according to the brand 
of steel used and the size of the tool, to a very bright red, about 950 
degrees ('. (1750 F.). Small shear blades hardened at the higher tempera¬ 
ture named give excellent service without being tempered. Chisels and 
other tools subjected to repeated shocks are taken at the lower tem¬ 
perature mentioned. 

Summary of Hardening Temperatures. —For convenience of reference 
the temperatures required for hardening the various kinds of high¬ 
speed tools are here summarized. Turning, planing, shaping, slotting, 
boring, and the like tools for roughing and medium cuts: a full to a 
dazzling white, as high a temperature as can be given without actually 
melting the tools. Melting does not occur, in most high-speed steels, below 
1400 degrees C. (2550 F.). 

Milling cutters and similar tools for heavy roughing: a good white, 
1300 or 1350 degrees C. (2375 to 2450 F.). 

Milling cutters for moderately light and finishing cuts, forming cutters, 
screw machine tools, tools for fine finishing, and those which are to hold 
keen edges where the strain is not great, tools for cutting bra.ss, and 
nearly all woodworking tools: a mellow white or light straw, or a little 
deeper, say from 1250 to 1200, or even 1150 degrees C.(2300, 2200, 2100 F.). 

Twist and flat drills, reamers, threading dies and taps, and other 
tools subject to severe torsional strains: slightly lower than that given 
above, or say a little below 1200 degrees C. and down to about 1175 (2200 
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to 2150 F.) or slightly below. This would give a light lemon color, verg¬ 
ing into straw. It will not greatly matter if these tools be heated quite 
as high as those in the class above, though in general rather better results 
will follow if this difference be observed. 

Shear blades, punches and punch dies, stamping and forming dies, 
pneumatic tools and others subjected to repeated jars or blows: 950 to 
1150 degrees C. (1750 to 1900 F.) or from a bright cherry red to a light 
orange or lemon, according to the shape and use of the tool. Light 
punches and snap dies would be given the lower heats, as also would 
tools like file-cutting chisels. 

Permissible Temperature Variations. —It should be remembered in 
connection with the above summary that the hardening temperatures of 
high-speed steels vary more or less according to the composition, and 
that it is well to observe closely the instructions of the makers relative 
to this point, or better still to make careful determinations when any 
given steel is to be used, and thereafter to observe the limits found to be 
most satisf.actory. In the nature of the case the above determinations 
are only general; but it is a.sserte(l with confidence that but little vari¬ 
ation will be found desirable in the case of atiy high-speed steel of the 
now accepted standard composition - if it is not premature to speak 
of a standard compo.sition. 

Quenching Agents—Water. —For cooling high-speed tools either aii' 
nr oil is used to good advantage. Cold water is,-in general, to be avoided 
in cooling high-si)eed steels, whether of the so-called “ new ” varieties 
or not. (Juenching in cold salt w.ater is of course possible, and has in 
some cases been recommended by makers. Nevertheless hot high-speed 
steel and cold water are not a safe combination. A tool ,so cooled may 
not crack, and indeed may ])erhaps be rci)eatedly quenched in water — 
and again it may crack the first time, or .strains may be set up which 
will cause cracks later. The uncertainty of the method, if nothing else, 
makes it a good thing to avoid except possibly in those cases where 
extreme hardness is requisite and the rlanger of cracking can be over¬ 
looked. Hot water, s|)eaking in a general way, is le.ss likely than cold 
to cause cracking, and has been u.sed successfully for obtaining extreme 
hardness. It is best kept at a temperatiire rather above 70 degrees F. 
(160 F.). The novice will do well to let water alone as a quenching 
agent. 

Air Cooling.— In the early days of high-speed steel air was recom¬ 
mended by most makers, to the exclusion of oil. It is coming to be 
pretty generally agreed now that if oil does not give better results, as 
some maintain, it at least does give quite as good as air, and that it has 
some advantages not pos-pssed by the latter. Inasmuch as most high¬ 
speed steels harden by mere exposure to the air, little apparatus is abso¬ 
lutely required, .as has been already noted. Some rather good results 
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have been obtained in this simple way. The hardness of these steels, 
however, depends a good deal upon the rapidity and the method of cool¬ 
ing, on which account mere exposure to the air does not bring out the 
qualities of the tools to anything like their highest degree. For many 
tools, therefore, this method is out of tlie question. To obtain uniformly 
good results the air should be cool and in motion. Preferably it is 
.supplied in a continuous and rapid stream, large in volume rather than 
high in pressure, (bmpressod air is better than that from a blower. 
The pressure must, however, be reduced to two or tliree pounds only at 
the nozzle. 

Apparatus for Air Quenching.—For hardening an (xaiasional tool, as 
lias been already indicated, nothing further is required than a supply 
of air coming from a suitable nozzle of ample size. The tool is held in the 
bla.st and turnal continuously until cold enough to handle, when it is laid 

aside in a dry place. Where many 
tools are to be hardened, even if 
only of the sinqilest kind, it is very 
desirable that there be a cooling 
table where the tools can be me¬ 
chanically hehl and turned while 
the air blast jilays upon them. 
Such an arrangement is almost in- 
disiiensalilc in the case of rotary 
cutters. A cooling table of simple 

Fui. 75 Tublf for iiir-hiinioiiiiiK rcvolviiiK oul.tois, aa . . i 

used 111 tlie lioyal Sumil-Arms Factory, Euhcld design. Used HI tile Hritlsh Koyal 

i.ock, Lngiand. Siiiall-Ariiis Factory at Flnfield 

Lock, is showm in Fig. 75. It consists es,sentially of an iron-toj) table 

jirovided with a rotating jilate and spindle between two movable nozzles 



from which the air blast issues 
'I'he s])indle and jilate can lie ])ro- 
vided with a clamp for holding lathe 
and similar tools also. In cooling 
milling cutters and the like, the 
nozzles are turned to one side of 
the center of the cutter so that the 
air will impinge upon the projecting 
teeth in such a way that they will 
act as vanes, and the cutter be 
therefore rapidly rotated by the 
air current. All cutting edges are 
in this way cooled with alxsolute 
uniformity. An air box, resem- 



Fia. 76. Air liox for air coolinc of high-speed tools. 
Convenient for hurdeiung lathe tools and thooc 
of similar shape. 


bling that illustrated at Fig. 76, is desirable for cooling lathe and similar 


tools. 
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The convenience and simplicity of this method of hardening certainly 
recommend it. There are, however, certain disadvantages. The cost 
of air, for one thing, is considerable, and not comparable with that of 
maintaining an oil bath. The first cost of the latter is also the last cost 
except for the negligible item of renewal. In the air blast, furthermore, 
in spite of the rapidity of the cooling and the exercise of the greatest care, 
there will frequently be mori! or 
less oxidation; and this is not per¬ 
missible, in fine tools at any rate, 
affec.ting their precision as it does. 

Scaling is unimportant in the case 
of rough tools, since they are well 
ground anyway after hardening. 

Tools cooled in air iire, in general, 
rather slightly softer than those 
cooled in oil. 

Apparatus for Oil Quenching.— 

For oil hardening the apparatus 
may be almost as simple as for air 
hardening. In small shops where 
but few tools arc treated, nothing 
more is recpiired than a meditim 
sized tank full of oil. The shop 
doing a good fleal of hardening, 
however, needs a bath of ample 
size equipped with some device 
for cooling and circulating the oil. 

An excellent form of such an ap¬ 
paratus is shown in Fig. 77. It is 
seen to consist of a' sheet metal 
tank of suitable size, having a sup¬ 
ply pipe and laterals at the bottom 
through which air under slight 
pressure is introduced. The pipes 
have small holes in their upper sides from wdiich the air bubbles up 
through the oil, at the same time cooling and circulating it. .4 net for 
catching tools accidentally dropped is desirable, as also is a net basket 
at one side, into which small tools may Ire thrown from time to time, for 
quenching, without further attention. 

Kind of Oil to Use. —Various oils have been recommended for quench¬ 
ing high-speed steel, including linseed, cotton seed, rape, fish, whale, 
lard, tallow, paraffine .'Mid even kerosene. It does not matter particu¬ 
larly, so far as the effect upon tools is concerned, which is used, as long 
as it is .thin and does not become gummy. Some have certain disad- 
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vantages, though, which it is well to consider. Kerosene oil has given 
better satisfaction than anything else in some hardening plants. It 
does not flash, as might be expected, upon the hot tool coming in con¬ 
tact with the surface unless the <|uenching is very awkwardly done. 
If the tool is plunged (]iii(:kly to a point below the heated portion, 
or entirely in the case of tools heated throughout, there will be no 
flashing. 

Disadvantages of Certain Oils. —Whale and fish oil arc excellent agents, 
but have offensive odors. These can easily be suppressed, however, l)y 
the addition of about three per cent of heavy (temi)ering) oil. This 
at first floats upon the surface, but usually mixes with the lighter oil in 
time. The hardening is not affected by the heavy oil added, and this 
combination is about as satisfactory !is any could be. 

Lin.seed oil is too g\immy for general use. Lard oil becomes more or 
less rancid in time, but is excellent; and cotton seed oil has practically 
no objectionable features. The ])oint is not so much what kind of oil 
is used; but that the supply be ample to absorb the heat r.apidly from 
the tool. Where much hardening is done it is of course necessary, as 
already noted, to provide a means for stirring and cooling the oil. 

Cautions as to Quenching. —The quenching itself seems, and indeed is, 
a simple matter. Theie are, however', some points that should be care- 
fidly observed, to get uniforndy good results. First, the (pieiiching must 
be done rapidly. Not only is the tool to be plunged into the oil with 
the least jrossible interval between this and the removal fi'om the fur¬ 
nace, to avoid oxidation; but the plunging itself should be quickly done. 
Circular cutting tools, like milling cutters, ai-e jrlunged with the axis 
vertical unless the thickness is consider,ably less than the diameter. 
In that case they are (pienched like thin dies; that is, in an upright 
position. Most other tools can be plunged with the long axis vertical. 
After immersion the tool can of course be turned to any position 
that may be convenient. The vertical plunging obviates to the largest 
])ossible extent the warping and (u-aeddng to whirrh intricate tools, and 
even tho.se which are not intricate, if carelessly quencflied, are subjecd, 
A thin, flat die with relatively large surface, for example, if quenched 
so that one face strikes the oil before the other, even if the intervening 
time be infinitesimal, almost invariably is warped and becomes useless. 

Special Case of Slender Tools. —In the case of drills, reamers, and the 
li-ke, the heating of course has not extended the full length of the fluted 
part (unless, as rarely happens, the whole length is intended to do work), 
and the quenching does not go beyond the heated portion, say not 
beyond where it is still a good red. This can well be laid down as a 
general rule: a tool, except as already indicated, should be plunged to a 
point rather nearer the edge or end than that to which it has been heated, 
and worked up and down slightly while cooling. In this w.ay a.distinct 
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line of demarkation between hardened and unhardened portions will be 
avoided, and the snapping of tools at this place prevented. 

Large or Intricate Tools.— If of any considerable size the tool must be 
kept moving in tlio bath .so that all parts immersed will be wa.shed by 
cool oil, otherwise the oil in contact with the surface becomes so hot that 
hardening does not take pla(« jiroperly. This is especially true of 
tools of intricate .shape, with many reces.ses, or containing small holes. 
In the la.st named case the tool should be .so moved in the bath that oil 
will flow freely into and through the openings. If several tools are 
quenched sipiultaneously care should be taken that they do not touch 
one another, lest the i)laces touching fail to come into free (lontact with 
the oil and consequently do not haiakm propeily. 

Essentials of the Hardening Method. —The method of hardening here 
destiribed involves essentially this: The tool is heated to the highest 
temperature it will bear without injury to the cutting edge, and even to 
the melting point if it can be afterwards well ground. It is then quickly 
cooled in an air blast or in an oil bath. This proce.ss is simpler than 
that patented by Taylor and White, is much more used, ami is quite 
generally conceded to give results ecpially good with practically all 
standard high-speed steels. 

Essentials of the Taylor-White Process.— The Taylor-White process 
eonsksts in the following steps: 

First, the high-heat treatment. 1'he tool is heated to the highest 
temperature it will bear, as in the general jji'ocess already described. 
It is then cooled r.apidly down to the “ breaking down ” point, about 
8.5U degrees V. (Id.lO F.), and after this cooled more or le.ss slowly, as may 
be convenient. The method recommended by the patentees, for the 
preliminary cooling, is to ])lunge the tools from the high heat into a 
lead bath maintained at a constant temperature of (>25 degrees C. (1150 
F.), and to hold them there until they have had time to reach that tem¬ 
perature throughout their entire mass. Mr. Taylor .s.ays' it is a matter 
of no particular inqiortance whether thei tool be cooled rapidly or slowly 
below the “breaking down” point: and indicates that it may just as 
well be cooled in the air blast as not, and does quite well if merely laid 
aside to cool in the normal atmosphere. 

Second, the low-heat treatment. The tool is reheated to somewhere 
between 375 and 675, say to approximately 625 degrees C. (1150 F.), pref- 
erablv in a lead bath large enough to maintain a uniform temperature. 
The tool is kept at this temperature for about five minutes, and is then 
cooled, whether rapidly or slowly being a matter of indifference. 

Taylor-White and Other Methods. —The otdy essential difference be¬ 
tween the Taylor-Wlui^ and the customary process is seen to be in the 


' See Appendix B. 
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second or low-heat treatment, which is omitted in ordinary practice. 
In another place mention is made that high-speed tools do not run at 
their best until a short time after being set at work, after being “ warmed 
up,” so to speak. The warming up is not figurative, but real. The tool 
soon attains a temperature approximating the minimum above given, 
that is, 375 degrees (h, and therefore accomplishes while at work what is 
intended to be accomplished by the low-heat treatment. The “ self¬ 
treatment ” thus received by a tool does not normally give so high a 
temperature as that recommended by Mr. Taylor, unless run so rapidly 
that the cutting edge becomes red hot — which is not good practice, 
generally speaking. The cooling naturally (xxurs when the tool is 
stopped preparatory to taking the next cut. Apparently, therefore, 
the second or low-heat treatment is superfluous. It is maintained, 
nevertheless, that the self-treatment just referred to does not accom¬ 
plish to the same extent what the low-heat treatment does, the tempera¬ 
ture to which the tool is raised being rather too low under ordinary 
circumstances. However that may be, the second treatment is all 
but universally dispensed with, and so far as can be seen without dis¬ 
advantage. 

Special Modifications.—A modification of the Taylor-White high-heat 
part of the treatment is sometimes recommended by the makers of 
particular brands of high-speed sUxil. The tool, after being brought 
to the requisite high heat, is transferred to a hot bath of some kind, 
whether lead, fusible salts, or the like, where it is cooled to a (lull red, 
equivalent to a temperature near 675 degrees G. (12,50 F.), or 690 degrees 
C. (1280 F.), according to one succe.ssful maker of many tools. It is 
then removed from the birth and allowed to cool naturally, or it may be 
rapidly cooled in an air blast or by quenching in oil. Mr. Gledhill 
recommends a still further modification, cooling to the point mentioned 
above or slightly higher, in the air or in a blast, and then quenching in oil. 
As a matter of fact it would .seem that the manner of cooling is relatively 
of small consequence, except that if it l>e rather rapid in the first stage 
the result will be a somewhat better tool. But the high heat is absolutely 
essential; and the higher the heat, the better the tool — subject, of 
course, to the limitations already pointed out. 

Electrical Hardening. —High-speed tools may be hardened electri¬ 
cally, though the process has not come into very general use. No definite 
information is at hand as to the excellence of the tools so treated, though 
the results are said to be satisfactory. Two methods have been prac¬ 
ticed to some extent. 

In the first method, illustrated in Fig. 78, the tool forms the positive 
electrode of an electric circuit in which it is placed by being clamped 
in a suitable clip -or holder. The other electrode is constituted of the 
walls of a castnron tank containing a strong solution of potassium car- 
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bonate. There are, of course, the necessary fuses, switches, and current 
regulators. The current having been turned on, the tool is gently 
lowered into the solution to the depth to which it is to be hardened. 



Fi< 3 78. ArranRenient. of apparatus for fiardonirm Uxtls olectricully by usf of potassium carbooate bath. 

and moved uj) and down a little so as to avoid an abrupt transition from 
hardened to unhardened part. I'he tool on entering the bath completes 




PiO, 79. ArranKcinent of apparatus for hardening eleetrieully by use of the electric arc._ The sh^ed 
portion In B indicates the location of the carbon point during the healing The cooling is by air blast 
or oil bath, as m the ordinary method. 



the electric circuit, ar"' ■ n inten.se heat is set up in the part immersed. 
When this i.s seen to be sufficiently heated, the (mrrenfis switched off 
and the tool allowed to cool in the solution as though in an oil bath. 
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In the second method (Fig. 79) tlic electru' arc is utilized. The tool 
is placed on an insulating block and attached to the positive electrode. 
The other electrode is a stick of carbon clamped in a safety holder. 
The current l)eing on, at a low voltage, the carbon is touched to the part 
of the tool to Ire hardened, and moved about as desired until the required 
heat has been attained, the voltage being gradually increased throvigh 
a suitable rheostat. The tool is tlum (a)oled in the customary manner. 
This method evidently is suited only to local hardening, and not to the 
general run of tools. 



CHAPTER VIII. 


HARDENING —THE BARIUM CHLORIDE PROCESS.* 

Preventing Oxidation.—The scaling or oxidizing of fine tools has been 
already referred to as troublesome in certain cases; and ways have been 



Fro. 80 A cylirRlncai cas fumjirc fitlcHl for u.se with tho barium chloride process. 
Ouciblo tilled with melted salts and ready for use. 


‘ While tla; harcloniii}; ' high-; peed steel by the barium process was originated in 
Europe, it seems not to have been made commercially practicable until it was taken 
up in this country by the agents of the Firth-Sterling Steel Company (Wheelock, Love- 
joy & Co. in New York and Boston, and E. S. Jackman & Co. in Chicago) and per¬ 
iod 
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pointed out by which this annoyance, and the attendant expense of re¬ 
finishing, could be minimized with such appliances as might reasonably 
be expected to form part of a moderately well equipped hardening plant. 
Even before the days of high-speed steel it was felt that there should 
be some means of entirely obviating the nuisance; and many methods 
have been devised to that end, a number of them entirely successful 
except for one thing. The co^e furnace, the well-regulated gas furnace, 
and possibly other ordinary furnaces give, as already remarked, very 
satisfactory results except as to tools requiring a fine finish; and the 



Fiq. 81. Good example of intricate tools readily hardened by the barium process. 


electric furnace, and tlic crucilde furnace in which the tool is heated in 
a white-hot crucible, which in turn i.s heated preferably by gas or oil, 
entirely prevent oxidation during the heating process if proper pre¬ 
cautions are taken. So also do the lead bath and the pack-hardening 
method. But none of these methods takes cognizance of the fact that 
even though a tool may come out of the furnace absolutely undamaged 
by oxidation, the moment it is removed and comes into contact with 
the air it is immediately attacked and oxidation takes place to a greater 
'or less extent accairding as the exposure prior to cooling to the normal 
temperature is long or short. To overcome the difficulty entirely it 
would appear necessary to quench tools of the kind indicated without 

fected for the treatment of their Blue Chip steel. It is stated by the makers of a few 
high-spi-ed steels that their steels will not harden properly by this process. This is 
anomalous, if true. However that may be, the process, developed only yesterday, as 
it were, and as yet doubtless capable of great improvement, has been already adopted 
or is now being adopted by all the leading makers of fine high speed steel tools. 
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brinpng them into the air at all. This it has been impossible to do 
with the appliances in general use, until the discovery and practical 
development of the barium chloride process. 

Advantages of the Barium Bath. —There are, of course, other reasons 
for the use of a bath in hardening fine tools. One of the most important 
is the need for absolute control of the temperature to within a very few 
degrees, and absolute uniformity in heating through every projection 
and into every recess, in the case of intricate tools, especially when small. 
While ordinary furnaces, such as have Iseen recommended, are in general 
very reliable, and their temperatures under sufficiently close control 
for most purposes, there are nevertheless some fluctuations occasioned 
by variations in pressure of the gas supply or of the air pressure, and 
in the size of the door and other openings during the heating. These 
fluctuations are insufficient in the case of large tools, generally speaking, 
to be harmful, because of the comparatively long time required to bring 
such tools to the required heat, even when introduced into the heating 
chamber after being preheated. The small tool, because of its little 
mass and conseciuently the short time required for heating, is liable to 
be brought to a temperature sufficiently different from the one intended, 
to affect its quality to a considerable extent. Furthermore, in spite of 
frequent turnings and other precautions, some parts of tools complicated 
in shape will heat faster than others by their closer proximity to the 
incandescent walls of the heating chamber, or because of the direction 
of the currents which circulate within it. This is of course of less conse- 
(juence in large tools than in small or fine ones with delicate projections 
or keen edges. 

Diflficulties in Use of Lead Bath.— Another difficulty, the remedy for 
which, in the case of certain classes of tools, has been already pointed 
out, is that of warping while being hardened. Slender tools (like drills, 
reamers, and those of similar shape) of a size sufficiently large to admit 
of being thus heated, are not subject to this difficulty when treated in a 
cylindrical furnace. Itut small tools of necessity require a different 
method. The distortion is entirely avoided when the heating is done 
in a suitable bath. I.ead, because of its high specific, gravity, is not so 
well adapted for this purpose as certain others. The tendency is for 
tools to float to the surface, and thus l)e irregularly heated, unless held 
down by some means. The lead bath, while it has been successfully 
used for hardening high-speed tools, is held at the extremely high tem¬ 
perature required, with some diffic\dty. It begins to vaporize at about 
640 degrees C. (1190 F.), and when heated much above that point rapidly 
volatilizes, giving off offensive and irritatingly poisonous fumes. These 
can, however, be conducted away so as to do little harm, if provision 
be made, as already shown, for effectively exhausting from a properly 
designed hood. 
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There arc other disadvantages in using the lead bath at these high 
temperatures, and indeed some disadvantages at any temperature. At 
a white heat the lead oxidizes rapidly, and even when the surface of the 
bath is protected by a thick covering of powdered charcoal, more or less 
of this takes place, the .scum ri.sing and floating upon the surface of the 
lead. A much more troublesome thing is the sticking of the lead to the 
surface of tools, and the consequent uneven hardness that results from 
the parts ,so covered cooling at a rate slightly diffeixmt from the parts 
of the surface to which no lead adlieres. Efforts to pi’event this trouble 
only seem to aggravate it oj' to develop new ones equally objectionable 
or woree. Likewise, impurities in the load not infrequently damage the 
.surface of the tool with whicli it comes into contact, especially at the 
white heat to which it is subjected in hardening high-speed steel. Holes 
and interstices .sometimes remain filled with lead when the tool is with¬ 
drawn for cooling, and the result is worse even than when flakes of lead 
adhere to the surface. 

Difficulties Overcome by Barium Process. — All these, and other 
difficulties are overcome by the barium chloride bath pro(«ss. The 
chloride does indeed give off fumes, unle.ss ])recautions arc taken to pre¬ 
vent; and <a thin coating of it atlheres to the tool when it is withdrawn 
from the bath. This latter, however, is just what is retpiired in order 
to prevent oxidation while the tool is exposed to the air; .and since the 
film is evenly distributed, there is no uneven hardening. It is po.s.sible 
also to maintain a more uniform temperature, since the melted barium 
chloride circulates freely, much more so than the heavier lead, so that 
the temperature throughout the bath does not vary sufficiently to be 
taken into account. 

Heating in a fluid is little or no (piicker than in an open fire or in a 
good furmicc. Evidently, however, if the bath itself is uniformly hot 
throughout, the heating of the tool must be absolutely even. Pro¬ 
jections cannot be melted down nor burnt before the interior has had 
time to reach the same heat as the outside, since it ciinnot get hotter 
than the bath, and that is kept uniform at the temperature required 
for the kind of tools in hand. The danger of blistering the surface oi 
melting down the corners of a tool put into a white-hot furnace without 
sufficient preheating is entirely obviated. Even if the bath should for 
any reason lx; at a temperature high enough to damage a delicate tool 
thus suddenly subjected to an intense heat, the barium chloride has a 
melting temperature so high that a relatively cool object plunged into 
the fluid immediately (aau.ses a coating of it to solidify around the article. 
The coating of solid barium chloride then protects the enveloped article 
until its temperature rises sufficiently to melt it off. 

Furthermore, even though the actu.al heating of any given tool pro¬ 
ceed little or'no-more rapidly, it i.e possible to gain a great deal of time 
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by the simultaneous heating of a considerable number of tools. A 
basketful of small or medium .sized tools can thus be hardened just as 
well, just as certainly, and just as quickly as a single one. It might be 
.supposed that tools so heated and quenched, that is in promiscuous 
contact with one another, might vary more or less in hardness. Such 
nevertheless is not the case, all coming out absolutely uniform. 



Pig. 32. A iIh.v'm work. Good illustmlioii of the various rlasM*-! of tools to tlic hurdonitii; of winch the 
barium |)roccs.H is cspt'cially lulaplod. 


The Furnace and 'Equipment. -The furnace for hardening by the 
barium chloride ]>rocoss may be of any convenicait form which will 
admit tlie use of a suit.alilc crucible. A vertical gas-fired furnace is 
])reforrcd, one .so designed (Fig. <S;-!) that the (lames are directed around 
rather than toward (he crucible, enveloping it in a whirl of heat which 
is absorbed uniformly over its whole surface. If the flames impinge 
directly upon the crucible, there is danger of holes being melted into it 
when the heat is turned on, before the bath luis bewnne fluid and able 
to conduct the heat away rapiilly enough. 

The crucible is almost necessarily of graphite. It. should rest upon 
fire bricks so disposed upon the floor of the combustion chamber .as not 
only to prevent the bottom falling out, but also to allow the flames to cir¬ 
culate freely about the under portions as well as over the .sides. It should 
be so adjusted .as to height that the top rises into the circular opening 
in the top plate of the furnace. The crevice may be luted up with fire 
clay or left open, the latt.er being the preferred method. In this ease, 
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however, the rim of the crucible must rise well into the furnace top, 
as shown in Fig, 84. 

The supply of air and gas, and the pressure, would be the same as 
for any furnace of similar type but used without the crucible and its 



Fla. 83. Cjllndnca! nas-fired furnaox* and crurible 
for use in hardcniiiK bv the barium chlondi; 
process. 


Fio. 84. Fitting of crucible into furnace top. 
Leaving tbe joint unsealed, as in B, is the pref* 
eriiblo method. 



Fio. 85. Reducer apparatus for use where air is delivered at a pressure higher than U or 2jpouDd8. 
Necessary when using compressed air in gas furnace. Courtesy of E. S. Jackman & Co. 

1. Valve with an adjustable stop or gage on it, 

2. Drum with petcock for draining off the water which appears when the air expands. 

3. Safety pressure valve set for about li pounds to the square inch. 

4. Valve for regulating the supply of air to the furnace. 

5. Fitting to prevent possibility of high-pressure air backing up into gas supply pipe. 
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contained bath. Fig. 85 illustrates a desirable apparatus for reducing 
and regulating the air pressure. In operation valve 1 is opened to the 
stop, which should be set so as to admit just enough air to blow off 
gently safety valve 3 when valve 4 is wide open. The flame is con¬ 
trolled by valve 4, but valve 1 must always be open when the furnace 
is to be used. 

A good pyrometer should by all means be a part of the furnace equip¬ 
ment for hardening by this process, so that accurate determinations 
may frequently be made of the thermal condition of the bath. 

It is well also to have a fire-brick cover pivoted at one side so as to 
be easily and quickly swung over the top when desired. It is convenient 
to have a small opening in this cover, which in turn can be closed by 
placing a fire brick over it. The fire 
chamlxir of course should l)e vented, 
preferably into a stack. In this case, 
however, it is desirable so to fix the 
exhaust that there is a space between 
the opening from the furnace and the 
pipe or small hood, at which the flame 
from the furnace can be seen emerging. 

By watching this the mixing of gas and 
air can be regulated to a nicety. 
very small flame indicates perfect com¬ 
bustion. When no flame is visible, the 
air supply sh(mld be reduced; and if 
there is a large flame, too much gas is 
supplied in proportion to the air. The 
flame should be just barely visible. 

Electrically Heated Furnaces.—FJec- 
trically heated furnaces are in successful 
use in some plants, and are stated to 
l>e economical when used for continu¬ 
ous runs. In this type of furnace the 
loss of crucibles is practically nothing, 
one lasting continuously for six months 
or more; whereas in a gas-fired furnace 
it lasts scarcely two weeks. It should 

be mentioned, however, that in ceitain Kio. 86. Electncally heated barium chloride 
, 1 ..L 1 furnace, as used by Ludwig, Loewe& Co.. 

liarderimg plants the electrical lurnace Berlm, who were among the first (if in- 
. , . , , 111 !• 1 deed not the very first) to make use of 

IS not favorably r gat'ded because of the the barium process for hardening high- 
, , , . ... speed tools. 

apparent tendency toward emphasizing 

the formation of a soft skin at tiie surface of tools hardened in the barium 
chloride bath. 

In such an electrically heated furnace the electrodes are of very soft 
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low-carbon iron, placed opposite each other inside the crucible, which 
latter is imbedded in a thick layer of asbestos or other non-conductor 



Fio. S7. Electric hartlcninp fiiruacc, switch panel and trunsforiiicr. 
Courtesy of General Electric C«i. 



of heat. This layer in turn is surrounded by a thick wall of refractory 
material like fire clay and other insulating materials, and all are held 
together by a steel or iron jacket. In this way the heat is so completely 
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retained within the furnace that at the end of a day’s run the exterior 
is scarcely hot. There are of course the usual acces.sories, and a con¬ 
troller for varying the voltage and resistance and thereby the tempera¬ 
ture, A very low voltage, say from 5 to 60 or 70 volts, is employed in 
operating the furnace, the higher tensions being necessary only at first 
while the salts are being melted. Thereafter the voltage does not usually 
exceed 21). Alternating current only can be used, the direct current 
setting up electrolysis whereby chlorine is liberated and attacks the 
tools immersed in the bath. The fumes of course also are increa.sed. 

The fu.sion of the salts mixture is accomplished by moving a supple¬ 
mental electrode of carbon close to the appropriate iron electrode (Fig. 
SS) until the sparking has melted some of the salts, which latter then 
conduct the current. The resistaru* offered to the current heats and 
melts the adjacent crystals until the tnovable electrode has established 
a melted stream to the other iron electrode. After this the contents 
of the crucible fuse quite readily. During the melting of course a higher 
tension is required than afterward. With the controller the tempera¬ 
ture can be regulated to within something like 10 degrees (I In taking the 
temperature, and in hardening also, it is to be remembered that a rela¬ 
tively thin layer, half an inch or so, at the top of the bath is a little 
cooler than the rest, the difference varying .some, but usually being near 
10 to 20 degrees ('. 

Methods of Operation.—When starting or renewing the bath, the 
crucible is filled with commercial barium chloride* mixed with a .small 
proportion, say about two per cent, of sodi\im carbonate, commonly 
called soda ash. The two substances must be melted together, other¬ 
wise, es]K!(dally if the crystals are used, dangerous explosions are likely 
to occur. The soda ash, in a way wliich does not seem to have as yet 
been investigated, prevents to a considerable extent the rising of chlorine 
fumes from the bath. These are offensive and very irritating when 
breathed, and also rli.scolor the surfaces of tools with whicdi they come 
into (tontact. The .soda ash seems also to have some other effects as 
yet in)t well understood. It gradually becomes exhau.sted, and requires 
renewal from time to time. It must be remembered that in renewing 
it is dangerous to throw the ash into the melted barium chloride. The 
danger is minimized or averted if the ash is mixed with several times its 

■ Barium is one of the small group of alkaline earth metals which includes also cal¬ 
cium (lime) and stmutium. Magnesium likewise is sometimes included in the group. 
Barium nev(-r occurs free in N itiire, its most common occurrence being in the natural 
compounds heavy spar and witherite, both of which have commercial uses. The metal 
itself has no pnaent use in the arts, though intritisically it is very interesting. It is 
moderately hard, of a ycllo\' color, fusible at almut 240 degrees C., and burns in the 
air with great brilliancy. Commercial chloride pf barium stdls iu quantity at about 
three cents per pound. It fuses at 890 degrees C. (163.5 F.). The chemically pure does 
not melt so readily as the commercial. 
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own bulk of the chloride before being added to the bath. Care must 
Iw taken that the proportion does not exceed that mentioned, otherwise 
the temperature of the bath is not so easily regulated. The boiling 
point of the bath seems to be lowered approximately in proportion to the 
excess of soda ash; and since it is very difficult, if indeed it is at all possi- 
sible, to raise the temperature above the boiling point, the tools cannot 
be heated high enough to be properly hardened. The bath should be 
renewed whenever it becomes sluggish. 

The melting should be slow at first. Once well started, however, the 
bath is rapidly brought to the required temperature, which varies more 
or less according to the class of tools to be hardened, as already shown. 
In general, the temperature will be somewhere near, and usually rather 
below, 1200 degrees C. (2200 F.), being raised above that point or lowered 
beyond it as required. The exceedingly high temperatures to which 
roughing tools are raised are unnecessary for the kind of tools to 
which the barium process is best adapted. Those high temperatures are 
sufficient to melt down cutting edges and affect the surface finish of 
tools, and one of the reasons for using the barium process is to avoid 
precisely this thing, or the possibility of it. 

Length of Immersion.—The bath lieing at the proper temperature, 
small tools may be immereed and left until they are throughout the same 
temperature as the bath. The time required will necessarily vary accord¬ 
ing to the size and form of the tools, but in the case of small and regularly 
shaped tools it will range from a few seconds to a minute, or possibly two 
minutes. Larger tools of course require a longer time to tecome heated 
through; while those of a half inch section, or smaller, should be ready 
in less than a minute. The operator must learn to gage the time by 
actual experience. This is comparatively easy with the barium process, 
for, since the temperature of the bath is no higher than that to which 
the tool is to be raised, the latter is not damaged by remaining in the 
bath for some time longer than would be required merely to heat it 
through uniformly. It is well, nevertheless, not to leave tools in the 
bath for any considerable time longer than actually necessary. 

The Protecting Film—Quenching.—When withdrawn from the melted 
barium chloride, the tool is covered by a thin film, which .serves to 
prevent the surface coming into contact with the air. It is this fea¬ 
ture perhaps more than any other one that gives to the barium chloride 
process its distinctive value. The tool can be quenched in oil without 
having at any time, from the moment the heating began, been exposed 
to oxidation. The coating of barium chloride protects the tool to a con- 
.siderable extent also when the cooling takes place in an air blast, though 
it flakes off more or less and leaves spots exposed to the action of the 
air. The bptter way is to quench in oil. Dies for drop hammers, and 
tools for other uses where they are subjected to concussions or severe 
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jarring, are not quenched, as a general thing, but on removal from the 
barium chloride bath are allowed to cool slowly in the air. The film of 
barium chloride protects them from oxidation. 



Fia. 89. A tool withdrawn from tho bath is covered by a thin film of barium fhlonde, which protects it 
from oxidation when exposed to the air. 


Preheating Large Tools. — .All tools of any c.on.siderable size should be 
preheated before being placed in the bath, and in certain cases it is 
desirable that small ones also receive this treatment. Of course, where 
very great attention must be given to the absolute preservation of lines 
and surfaces, large tools also are jilunged into the b.ath without the pre¬ 
heating. Where this is not absolutely necessary, some time is saved by 
the preheating, for tl>e immersion of a large unwarmed tool of course 
(diills the bath so that it is then necessary to restore the temperature to 
the required point. 

Avoidance of Temperature Fluctuation. —This happens also to a much 
less extent when a tool which has been preheated, is plunged into the 
l)ath, since the temperature of the tool is necessarily considerably lielow 
that of the bath. Evidently, then, it is desirable that the bath be ample 
enough to minimize fluctuations due to this cause. Small tools of course 
do not have any important influence in changing the temperature, and 
so far as this point is concerned may be put into it without preheating. 
It is very imi)ortant that the temperature be carefully watched, an 1 
regulated as may be necessary. The experienced operator of course 
learns to judge very closely by its appearance and behavior whether or 
not all is right, but even ne needs to check up his judgment against a 
reliable pyrometer from ^ime to time. The influence of a passing shower 
even, changing the brightness of daylight as it does, is sufficient to make 
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error easily possible in judging the temperature by the eye. The oper¬ 
ator with limited experience must of course be very largely guided by 
the indicator or record, as the case may be. 

Method of Preheating—Saving Time.—Heating tools in this w!iy, pre¬ 
paratory to their being placed in the barium bath, effe(ds a considerable 
saving in time when many are to be treated. Several are kept in the pre¬ 
heating furn.ace or bath and are given the higher heat treatment in turn. 

For preheating, any convenient furnace may be u.sed, though the 
reliability and convenicnie of the ga.s oven furnace especially recom¬ 
mends it for this purpose. The lead bath also is very convenient. 
The heat is carried up to a low red, not above OOO degrees (I (1100 F.), 
and preferably somewh.at below this. At this temperatui'e no oxida¬ 
tion ocinirs, and it is perfectly safe to raise tools to this point in the gas 
furnace and then to carry them through the air to the barium bath. 
Obviotisly the preheating tem|)erature must be maintained uniformly 
at the point mentioned, else .some of the tools will get hot enough to scale 
more or less. Of course, when the barium proce.ss is used in hardening 
tools where this is of no conseipience, the temperature in the preheating 
furnace can be as high as desired. 

Quenching Methods.—It has been mentioned already that the air 
blast disintegrates the lilm of barium (ddoride which adheres to the tool 
when withdrawn from the bath, and that it is therefore better to quench 
in oil. For this ])urpose no special a)»pliances are necessary. The oil 
l)ath already des(Tibed in connection with ordinary hardening methods 
serves excellently, d'he net basket into which small tools can be thrown 
without further attention until they are removed, makes this tank 
particularly convenieid for \ise with the barium process. 

Unimpaired Surfaces—Cleaning.—The oil, like the air bias!, disin¬ 
tegrates the coating of barium chloride investing a tool when lak(m from 



Fio. 90. When the scales of barium chloride have been brushed off and the oil wii>ed away, the surface 
of the tool 18 a« clean and bright as before heating. There is no iropairnjent of eages, finish, or color. 

the heating bath. When the scales are brushed away and the oil wiped 
off, the surface is seen to be as smooth and every cutting edge as keen 
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and perfect as it was before treatment. Not only is the finish unim¬ 
paired, but even the color is almost exactly as bright and fresh as when 
the tool was first machined or ground. Even an expert could not tell 
merely by looking at it whether a tool had or had not been hardened. 
It has happened a good many times that purchasers have returned tools 
treated by this process, before trying them, thinking, from their appear¬ 
ance, that they had not been hardened. 

For cleaning off the scales a wire brush is desirable. If any of the 
barium chloride should stick to the surface or cling to corners and recesses, 
it can be readily softened by immersing the tool in boiling water for a 
short time. The scale then conies off without difficulty. 

Closely Sized Tools. —A number of things are po.ssible* with the barium 
process which were only dreamed of before its development. High 
speed steel taps and threading dies, and tools used for similar purposes, 
have until recently left much to be desired. Almost invariably, when 
hardened by the customary methods, they lose size slightly or have a 
roughened surface which interferes with their perfect working. Further¬ 
more, the shrinkage is not at all uniform, in some instances varying 
several thousandths of an inch even in tools of the .same diameter, by 
reason of imperfectly regulated heating conditions and the inherent 
imperfections of the usual methods when dealing with this class of high¬ 
speed tools. 

Difficulties Overcome. —The barium j)roceas entirely overcomes this 
difficulty. .And not oidy can the size be maintained with almost abso¬ 
lute uniformity, but the tools can be hardened in such a way that they 
combine the greatest possible cutting ])owers together wdth a superior 
toughness of supporting stoed, to prevent breakage under the high stresses 
to which they are thus subjected. This, with the circumstance that 
the size is not appreciably altered, that the finish is left perfect, and 
that the keenness of the cutting edges is unimpaired, especially adapts 
it to the hardening of many tools (those already mentioned, as well as 
many other kinds) to the making of which high-speed steel has not 
heretofore seemed well suited. Taps, threading dies, and other tools 
with overhanging teeth or cutting edges which, when properly hardened, 
are likely .to break off or crumlile, or when let down sufficiently to over¬ 
come this difficulty are too soft to last long, can have these teeth or 
cutters hardened to any desired extent while the body of the tool remains 
in the annealed condition. 

' It may be of interest to mention, in this connection, that the barium chloride bath 
is also excellent for hardening carlwn steel tools. When so used, potassium chloride 
may be mixed with the ban'im: chloride to fonn the bath, in the proportion of about 
two to three. The potassium chloride lowers the boiling point of the bath to near the 
temperature required for hardening ordinary steels, and thus reduces the danger of 
over-heating them. 
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Method for Special Tools.—The method is exceedingly simple. All 
that is necessary is to plunge that part of a tool which is to be hardened, 
into the bath, prefei’ably after the customary preheating, just long 
enough for the teeth or cutting edges to become thoroughly heated 
throughout to the retpiired temperature, and then to withdraw it Ijefore 
the stock or body has had time to become healed enough to harden 
when cooled. The tool is then (juencheil in the usual manner. 

Cautions.—It is to be remembered that heating the exterior of a tool 
only, and then suddenly cooling it, as is required l)y this method, often 
sets up strains and causes flaws because the outside and inside portions 
have not, in cooling, had time to adjust themselves properly. A little 
care on this point will minimize the difficulty; .and the s\d)so(iuent “ tem¬ 
pering” to which most tools of these classes are subje(d.od, can be made 
to relieve any strains which may have been set up in the hardening. 

Hardening Dies, etc.—Dios, and other tools .subjo(ded to repeated 
blows or heavy pre.ssure.s, can bo hardened in a somewhat .similar way, 
thus avoiding a t,r(nd)lo which it was not possible, before the develop¬ 
ment of the barium process, to circumvent — that of dies breaking or 
splitting open. A die may have its face hardened, as the (Uitters descrilied 
above have their teeth hardomal, by this luu't alone being placed in the 
bath, leaving about half of the body not brought to the high heat. 
This methcxl is of course especially useful in the case of dies with rela¬ 
tively heavy bodies, (kire must be taken, in this case, to move the die 
more or less, according to size, in smdi a way as to avoid a distinct line 
of demarkation between the hardened and the unhankmed ixu'tions. 

Methods of Handling the Tools.—Not the least important thing in 
hardening by the barium chloride process is the handling of the tools. 
Tongs with s])iked or serrated jaws have been mentioned as essential 
to the handling of high-speed tools dtiring hardening. These are useful 
in handling some kinds of tools in connection with the jrresent process. 
For the most part, however, it is desirable to .suspend tools of any con¬ 
siderable size in the bath by wires, or in baskets. Grids or perforateil 
metal plates have been used, though these are not .so convenient nor 
so certain. When the wires are u.sed it is of course necessary to take 
precautions to prevent tools slipping off. Once a tool drops to the 
bottom of the bath the operator will have his troubles, recovering it. 
Tools with holes through them of course are easily handled by wire 
hooks. 

The baskets may be made of wire netting or of perforated sheet metal. 
Most operators prefer the wire, A rather surprising thing is that neither 
the suspension wires nor the much smaller wire (or the thin sheet metal) 
of which the immersion baskets are made, melt or burn away in the 
intense heat of the bath. The barium chloride seems to preserve the 
metal, for there is verv little deterioration in the baskets. 
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When a number of tools are thus heated in a basket, the latter is trans¬ 
ferred with its contents, just as if a single tool were being handled, to the 
oil bath and quenched at one plunge. As previously stated, the con¬ 
tact of the tools with one another does not at all interfere, as might be 
supposed, with their absolutely uniform hardening. 



Fio. 01. Mefhodn of AUfipf^ndin^ tools in barium chloride bath. 

Difficulties.—.^s is the case with other methods of hardening, there 
are some difficulties conne(h,e<l with the o|)cration of tlie barium process. 
The chlorine fumes, .and the discoloration which t.ools occasionally 





Fui. 92. Pair of tonga for handling dies. 

sustain from them, have been casually referred to. Such chlorination 
does no damage except possibly where tools are carelessly left exposed 
for a considerable time. The e.xhausting hood and the soda ash in the 
bath, with proper attention, will take care of this difficulty. 

Formation of “ Bubbles ” or Blisters.—A more troublesome difficulty is 
the formation of “ bubbles ” or “ blisters,” and of “ pits ” on the surface 
of tools under certain C ' . .Itionu “ Bubbles ” seem to form under two 
well defined conditions, or at any rate appear to be of two distinct kinds. 
Sometimes a tool which has been preheated, or which was never thor¬ 
oughly cleaned after annealing, or other heat treatment, is covered with 
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a thin film, or spotted with flakes, of iron oxide. This apparently melts 
at a temperature lower than that necessary to hardening, and in melting 
collects in droplets on the surface of the tool, to which they firmly 
adhere when cooling takes place. They usually are .solid (though 
<)cca.sionally hollow’), very hard, but do no particular harm, especially 
on rough tools, and may be ground off where grinding is permissible or 
possible — which it is not in case of many tools like taps, forming dies, 
and the like. 'The remedy, or rather the prevention, lies in greater care 
in preheating, the temperature for this operation being kept well below 
the red at which oxid.ation begins to take place; and in thoroughly 
cleaning those tools, even though not preheated, whi(dr may be c.oated 
with the iron oxide. 

“ Bubbles ” or blisters very like those describeil, but readily brushed 
off after cooling, also arc of not infrequent occurrence. They are thought 
to be caused by molten droplets of iron oxide, floating in the bath, com¬ 
ing into contact with the surface of a tool and attaching themselves to it. 
Since they are so easily removed, and do no harm, no attention need be 
paid to them. 

“ Pitting.” —M\u:h more troublesome than either of the “ bubbles ” 
mentioned, is the “ pitting ” which .sometimes takes place. There 
sometimes appears, in this case, to be a melting away of the steel in spots, 
particularly .along the edges or in projections from the hotly of the tool, 
leaving usu.all}’ a slight hollow which sometimes is accompanied by a 
raised lump as if the metal had melted out and not floated away. More 
usually a “ blister ” is raised, beneath which a depression or “ pit ” is 
found. When such “ pitting ” takes place the tool is ruined and is fit 
only for throwing away or for working down to a sm.aller size. Inve.sti- 
gation into the cause of this peculiar phenomenon h.as thrown but little 
light upon it. Inasmuch, however, as it .seems rarely to occur,* except 
when the very highest temperatures, those not far below the melting 
point of high-speed steel, are used, it is suggested that it may be due to 
the presence in the steel of particles not perfectly homogeneous, which 
fuse at a temperature below the melting point of the homogeneous por¬ 
tions. No trouble of this sort is likely to be experienced if the tempera¬ 
ture of the bath is not allowed to rise above 1200 degrees C. (2200 F.) or 
thereabouts. This is amply high for hardening nearly all .sorts of tools, 
except those just as well treated by other methods. 

* Something very similar, if not precisely like tliis, is of common occurrence when 
tools are heated by other methods, if extremely high heats are put on. 
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Extreme Hardness not Essential. —Some allusion has been made to 
this peeuliarity of hiffh-sjioed steed, that the fitness of a tof)l does not 
necessarily depend upon extreme hardness, hut upon the very different 
property of red-hardness, by virtue of whlc.h it resists the tendency to 
become .soft or rub away under stress after having become considerably 
heated either through the heat generatefl in working or through being 
intentionally heated suliseqiient to the hardening process. .4s a matter 
of fact, extreme liardness is not infrequently a detriment to a high-speed 
tool, .since it has, generally speaking, brittlcne.ss and internal strains 
for its concomitants. The latter are sot up by reason of the unequal 
hardening of interior and exterior portions; and the damage they may 
cause has been repeatedly referred to. Oidy small and rather regularly 
formed tools are nieasui'ably free from them after hardening. 

“Letting Down.” It has been likewise shown that brittleness in 
tools who.se working parts have overhang to such an extent that there 
is not sufficient backing to ])revent crumbling of the cutting edges, is 
ruinous. A special method in (a)nnection with the barium chloride 
process h.as been recommended as in large part overcoming this difficulty. 
Even when this specLid method is u.sed, however, and always (except as 
hereafter stated) in the case of tools hardened by other methods, it is 
desirable, and usually necessary, to “ let down ” this hardness and 
relieve the .strains by a sid)soquent treatmeid, “tempering” or “ draw¬ 
ing the temper.” This treatment can be (tarried to any de.sired point 
and practically all strains lelieved, and the toughness of the overhanging 
portions of tools restored to whatever degree required for maximum 
efficiency. The extent to which the temper should be drawn i.s deter¬ 
mined very largely by the nature and use of the tool, as it also is 
in carbon steel tools. About the only tools w'hich are not benefited 
by tempering are those of the heavy lathe and similar types, with 
well supported blunt noses. These are customarily set at work after 
hardenings and grinding, without further treatment. The makers of 
some of the “ new ” h;g!i-speed. steels say that tempering is unneces¬ 
sary for any tools made of those particular steels. Where tools are 
desired to be of extraordinary hardness this would be true whatever 
the steel used. 
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Tempering not the “Low-Heat” Treatment,— The tempering here 
recommended does not correspond precisely to the low-heat treatment 
of the Taylor-White process, for the temperatures are considerably 
below the minimum limit of the range recommended by them in that 
connection. It corresponds almost exactly with the tempering of carbon 
steels, though the temperatures are, in general, somewhat higher, and 
perhaps maintained rather longer. 

Results with Crude Appliances. —A.s in forging and in hardening, so 
in tempering, results of a more or less uncertain sort can be obtained 
with very crude appliances, or pei'haps with none at all. forge fire has 
served on occasion, though it must be said, that such crude apparatus 
is not at all conducive to accuracy and uniformity in results. If the 
novice desires to do a little cx])Rrinienting with no adeejuate appliances, 
this may be done with small risk by taking a piece of, say, tool holder 
steel, such as is used for light cutting, and heating it until it reaches a 
dark straw color, and then cooling in the oil bath or the air blast, as 
when hardening. A greater degree of softness is obtainable by allowing 
the piece to cool in air; and a still greater by raising the temperature 
until it reaches a green tinge, and then slowly cooling, rioinc tools are 
bettered by following this treatment by another, in whi(th the tempera¬ 
ture is raised to a faint red, just ))erccptible in the dark. 

Exact Temperatures Necessary.- Im])ort!int changes take place in 
high-speed steels within very narrow limits of temperature, not only 
within the hardening range, b\it within the tempering range .also. And 
w’hile the colors through which the surface of a piece of steel successively 
passes, while being heated, are indicative of the temperatures, it must 
be remembered that colors, esjrecially when .so .slightly different as are 
most of those commonly named and used in tempering, are not only 
tUfficult to differentiate, even to keen and experienced eyes, but that 
the judgment concerning them is easily affected by variations in the 
light. The range of colors, as ordinarily used, (ixtends from light straw 
to purple, or from 22t) to about 27.') degrees ('. (42.5 to 551) F.). It is readily 
seen therefore, that exceeding care must be used in tem|)ering to obtain 
just the required tenqrerature and no higher. In order to do this suit¬ 
able appliances are retpiisite. Trying to temper high-speed steel in a 
forge fire, as a rogidar thing, is folly. 

A Simple Method. —An oven furnace can be used with a moderate 
degree of success, if it be cai)able of having its temperature regulated 
with extreme nicety and provided with a pyrometer for gaging the same. 
This is little cheaper, if any, than the oil proc^ess, though it is available 
where the amount of work is so small as not to warrant the installation 
of an oil furnace in addition to the general utility oven furnace. 

Oven Furnace and Sand Pan. —better method, recommended by 
several makers of high-speed steel, and giving fairly accurate results when 
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the temperature is carefully regulated by frequent observations of the 
pyrometer, involves the use of a metal sand pan heated by a suitable 
gas or oil burner (or by other suitable means, for the matter of that), 
large and dee}) enough to contain an 
ample supply of clean and well dried 
sand. The tools arc immersed in the 
sand and brought to the de.sired tem¬ 
perature without troul)le, if the pyrome¬ 
ter is fretpiently read. The method is 
very good also where it is necessary to 
dis])ense with the use of tlic latter instru¬ 
ment, since the tem|)er colors are leadily 
ob.served. 

k satisfactory device, ])articularly use¬ 
ful where colors rather tluin the ))yrom- 
etcr are relied u|)on for iletermining 
the proper tem))ering heats, consists of 
a metal plate sup])orted in any con¬ 
venient manner and healed by gas or 
otherwise, as shown in Fig. 93 The 
plate is covered liy a sheet metal hood 
or oven. 

Method of Special Alloy Baths .—A 

method' sometimes used, where the 
variety of tools is small and it is not desired to provide extensive 
equi|)ment, consists in heating the tools in baths which melt at pre- 
determiiunl tem|)eratui'es. ('.are must of course be taken that the baths 
arc ke])t as nearly as ])o.ssilile at the melting [Kiint, The difficulty of 
doing this makes the-method .somewhat uncertain, for a ri.se of a very 
few' degrees is sufficient to give a different result. .4ny sort of melting 
pot sufficiently large for the tools to be tem|)cred, an alloy which melts 
at the tcm|)eraturc T’ecpiired, and any suitable fire, i)roferably one that 
can be easily regukated, as a gas or oil burner, is all that is required. 
The tools arc |)laccd in the melted alloy and ke])t there from ten to 
twenty or more minutes, dei)eiiding upon the size and form, until com¬ 
pletely and uniformly heated through. Thet' are then allowed to cool 
in air, as is customary in all tempering. 

If the metal does not chill and set around the tool when it is first 
placed in the bath, the temperature is too high, and should be at once 
regulated. It is to be remembered that in order to keep the bath fluid 
it is necessary that the temperature be maintained slightly above the 
melting point. This su.cjld be considered when preparing the alloy 
suited to the kind of to )ls to be tempered, and the mixture so proper- • 
tioned that its melting })oint shall be a few degrees below that which it 



Fju 93 A U'mpprinK pliitc with shoet- 
iiict,nl Im«kI or oven, jw tised lu the 
Crossly Brotliers Motor Works. 
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is intended to maintain. The obvious disadvantage, further than that 
already indicated, that which very much limits the usefulness f 
methol is the impossibility of varying accurately the temperature of 
the bath without keeping in stock a considerable number of alloys. 
Where more than one alloy is used it is of course necessary to preserve 
the identity of each in some way so as to avoid mistakes in the selection 


for a given use. , , i 

Composition of Alloys—It is exceedingly difficult to secure absolubi 

precision in the measurement of high temperatures; and the deter¬ 
mination of the rather moderate ones used in tempering even is usually 
attended with more or less uncertainty. Even when the most perfect 
instruments are used, the personal equation of the observer enters into 
their handling and into the observations The alloys and baths here 
given melt (or boil, in the case of the lin.seod oil) at points near enough 
the temperature.s given for all practiiail purpo.ses. The designation of 
colors for the several temperatures given is somewhat arbitrary, for 
color discrimination again is a matter of personal judgment and experi¬ 
ence, as well as of light conditions, as has been already pointed out. 


TABLK v. 


l*!l 

Lead. 

Till. 

'lVin}H'raUn<‘. 

(Vnt Falir. 

Color of Surface of Steel at Tempera¬ 
tures G»ven 

14 

8 

216 

420 

Very faint yellow. 

15 

8 

221 

430 

Faint yellow 

16 

8 

229 

440 

Light straw. 

17 

8 

232 

450 ■ 

Straw. 

18.5 

8 

238 

460 

Full straw. 

20 

8 

243 

470 

Dark straw. 

24 

8 

249 

480 

01(1 gold. 

28 

8 

254 

490 

Brown. 

38 

8 

265 

510 

Brown, with purple spots. 

60 

■ 8 

277 

530 

Purple. 

96 

8 

288 

550 

Deep purple. 

200 

8 

293 

' 560 

Blue. 



302 

575 

Polish blue. 

Boilinc liiiseotl oil 

316 

600 

Dark blue. 

Melted lead 


321 

610 

Oray blue 



332 

j 630 

Greenish blue. 


Tempering in Oil.—A well-equipped hardening plant will have a 
good oil-tempering furnace. This consists e.ssentially of a tank of 
suitable size and form to contain an ample supply of oil, a furnace 
arrangement for maintaining the temperature at the re(iuisite point, and 
a high heat thermometer, or preferably a pyrometer. Inasmuch as it is 
necessary to regulate the temperature within a very few degrees, the 
• furnace must be of a kind wdiose heat can be controlled to a nicety. A 
gas furnace is on that account preferred. There should be a basket of 








i'Ki. 94. Good type of fiirnace'for tempering in an Fig. 95. Cylindrical oil-tempenog furnace 

oil bath. Oil could be used for fuel a.H readily with hood^ 

aa gas. 


tools into a liath imich hotter than this, for to do so would heat the 
projecting and exterior portions so rapidly as to set up new strains 
which then have to be overcome. The gradual heating, allowing the 
heat to penetrate as it rises, softens the exterior portions enough to allow 
a readjustment of the molecules under stress, while at the same time 
it leaves the steel less hard and more tough according as the temperature 
is. high or low within the tempering range. 

The temperature of the oil bath is raised to the point requisite to the 
tools in hand, and the.se are left immersed for some fifteen minutes or 
more, the time depending somewhat upon their size and shape. Large 
tools are to remain in the bath longer than is necessary for small ones. 
The latter are not harmed by remaining in the oil, in case it is desirable 
to temper large and small tools simultaneously. It is to be remera- 
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bered however, that only tools requiring the same degree of heat can be 
tempered at the same time. Large tools may be suspended in the bath 
in any convenient manner. When removed, the tool'; arc allowed to 
cool down in air without further attention. Large cutters and dies 
often are left to cool off in the oil. 

Kind of Oil Required.—The oil used may be any rather heavy kind, 
that t)est suited being the so-called heavy or black cylinder oil pnwluced 
from petroleum. Tallow is .sometimes vised. The former can be raised 
without trouble to a.s high a temperature as is necessary in tempering. 

Electrical Tempering.—Drawing the temper by the heating effect of 
the electric current is possible, though not much practiced commercially. 
The method is useful if the barium process is not available for hardening, 
in the c.ase of such tools as milling cutters and others having a central 
opening and requiring the body to be tough while the cutting edges arc 
left well hardened. A vise and mandrel suited to the work in hand are 


+ 



connected to a circuit and resistance regulator, as in electrical hardening. 
The tool having been sliiiped over the mandrel, and fitting loosely upon 
it, the current is gradually turned on and the heat brought up to the 
required point. Kvidently the central jxirtion of the cutter is first 
heated, and also most heated unless the operation bo continued for a 
consideralde time; and consequently the outer portions retain their hard- 
ne.ss to a much greater extent than tl)o central, which latter arc corre¬ 
spondingly toughened. It. is possible to duplicate very accurately any 
previously adopted degree of temper in tools of the same form and size 
by merely using the same current regulation. Obviously, however, the 
process is rather limited in its aivplications bevvau.se of the difficulty of 
accurately determining and regulalitig the temperature of the surface.s 
of tools of various shapes and sizes. The method is an improvement 
upon the .simple and well-known expedient of heating tools of the kinds 
mentioned by the insertion of a hot rod, somewhat smaller than the 
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opening in the tool, and whirling the latter until the desired color appears 
upon the surface. 

Importance of Proper Tempering.—Certain makers of high-speed steels 
state that while tempering, after hardening, is desirable in the case of 
their particular steels, it is not essential. The statement is not suffi¬ 
ciently accurate. Tempering is not essential in the case of any high 
speed steel tools of cert.iin classes, or of any class if only moderately 
effective work be acceptable. The proper tempering of carbon steel 
tools is even more particular than the hardening; and if this is not 
exactly true in the case of high speed steel tools,* tempering them to 
suit the requirements of the particular service for which they are designed 
still is highly important. The failure to get desirable results from the 
u.se of high-speed tools can almost invariably be traced to improper 
hardening or, more likely, improper tempering. It is exceedingly 
important therefore to have at hand suitable data, in order that the 
I)roper temper, as well as the proper hardening heat, may be given every 
tool. Such data have not heretofore been generally available, each user 
of high-speed tools having to depend almost entirely upon his own 
experience and observation. This is after all what must, be depended 
upon in any toolmaking plant; and it is perfectly obvious that some 
system of recording accuirately the treatment of particular tools is 
absolutely necessary in order to arrive at determinations in the many 
special cases that arise wherever many tools of various sorts are used. 
This matter will be further considered in a subsequent chapter. 

Tempering Temperatures.—The following data as to tempering tools 
are accurate for practically idl good makes of high-speed steel, and cover 
in a general way the range of these tools. 

The temper of high-speed tools is, in general, drawn (when they are 
tempered at all) somewhat farther than is done with carbon steel tools, 
as may be seen below. 

Lathe roughing tools, and indeed all tools for heavy roughing, are 
left untempered. 

Large reamers, and drills with heavy stocks, 2110 degrees C. (440 F.), 
equivalent to a light straw surface color. 

Ordinary drills, small reamers, and other tools of the sort necessarily 
having rather light stocks or bodies and subject to considerable torsional 
strains, 240 degrees C. (460 F.), a full straw (!olor. 

Threading dies and taps, 260 degrees C. (490 F.), very dark straw or 
brown-yellow. 

Ordinary milling cutters, and the like, 210 degrees C. (400 F.), faint 
yellow. 

' Allusion has been already made to the elaims advanced by the makers of some 
of the so-called “new” hith-speed steels, that these require no letting down or 
tempering. 
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Punches, stamping or cutting dies, and shear blades, 280 degrees C. 
(530 F.), purple. 

Chisels, snaps, and the like tools subjected to sudden shocks, 300 de¬ 
grees C. (570 F.), poli.sh blue. 

Woodworking tools of nearly all sorts, 275 to 300 degrees (k (525 to 
625 F.), light purple to greenish blue, according to .shape and kind of 
wood to be cut. 

Bra.ss working tools, 20 to 30 degrees ('. lower than for iron, or steel 
cutting tools of same kind. 



CHAPTER X. 

ANNEALING. 


Advantage in Using Annealed Stock. —It is now customary for makers 
to furnish higli speed steel stock annealed, instead of as it comes from 
the hammers or rolls, as formerly, though in most cases the unannealed 
can be had if specially ordered. This is very greatly to the advantage 
of the user, since the bar stock thus becomes available in a variety of 
ways without preparatory treatment, it being, for example, a compara¬ 
tively easy matter to machine tools from stock, shoidd this be desirable, 
as well as to forge them. The use of annealed steel lessens the need for 
unusual care in the matter of bringing tools out of the hardening treat¬ 
ment with shanks or necks soft enough to minimize the danger of break¬ 
age at those jmints. It is to bo noted also that the long annealing at 
the mills gives to the steel a uniformity and freedom from strains which 
otherwise would considerably limit the utility of tools made from it. 
Most high-speed stols, can, by proper anne.aling, be made nearly or 
quite as soft as ordinary tool steels. The method by which this is 
accomplished at the mills has been briefly descrilred in a former chapter. 

Annealing Furnaces. —Wliether because only the unanne.aled stock 
is at hand, or because during the forging or other processes through 



Fig. 97. Aiiucaliog furaac<‘ at works of the Brown <k Sharpe Manufacturing Co. 


which it may have passed during the making and prior to the final 
hardening, a tool may have become more or less hard, very likely un¬ 
evenly, it not infrequentlv becomes desirable or necessary to anneal 
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pieces in the toolmaking plant. It much of this is to be done a suitable 
annealing furnace of the necessary capacity of course is requisite. A 
gas fired oven furnace of ample size is most often used, though the slightly 
less convenient coke or anthracite fired furnace also is in all respects 
suitable and satisfactory. An important requirement in design is the 
ability to sustain a continuous high heat for a long time, if necessary. 
For ordinary annealing such as may be e.vpec^ted to be done in an ordinary 
toolmaking plant, even this is not essential, for the heats need not te 
of a duration comparable to that given at the mills. For occasional 
work the ordinary furnaces >ised in hardening are sufficient. 

Uniformity Essential.—A prime essential in annealing is uniformity in 
the result — a given piece must be annealed to the same extent through¬ 
out. Obviously, therefore, the heating must be uniform, and it is neces¬ 
sary that the furnace Ihj such that the heat sh.all Ite evenly distributed 
throughout the fire or heating chaml)er. The mke, furnace is espe¬ 
cially good in this respect, though gas furnaces are now designed with 
muffle or baffle plates, or double floors, so as to accomplish the same 
result. 

Methods of Rapid Annealing.—tiuick annealing, esi>ecially with but 
indifferent facilities at hand, is not to be encouraged; for though fairly 
good results may sometimes be thus obtained, it must be remembered that 
proper annealing is a process recpiiring much care and good judgment. 
If necessary to anneal a piece without any of the desirable appliances, 
this may be done with more or less success by heating slowly in an open 
fire or furnace to a blood red, holding there for some little time, and then 
allowing the heat to die down very gradually, the tool remaining in the 
fire or furnace until entirly cohl. The slower the temperature is raised 
and then lowered, the better the annealing. This holds true with all 
methods in general u.se. If a smith’s fire be used, care must be taken 
to make it deep and to cover it up well after the desired heat is reached, 
so it will die down very slowly. It is better to build a hood over the 
fire, resembling that mentioned in an earlier chapter, and to fill this 
up with coke before the fire is allowed to go down. If a gas or coke 
furnace be used, air must carefully excluded during the cooling, 
to prevent excessive oxidation. The heating will occupy anywhere 
from two hours to ten, according to the size and condition of the piece, 
and the degree of softness required. The heat must thoroughly and 
uniformly penetrate the entire piece. 

Instead of cooling down in the fire or furnace, the tool being annealed 
may be withdrawn and buried in sand, ash, lime, or asbestos of generous 
quantity and previously well heated up, and allowed to cool there. A 
quicker method is sometimes employed, which, however, is not very 
certain, and but partially accomplishes the object. The steel is heated 
to a dull black fed and plunged into hot water. The temperature of the 
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piece must not exceed that indicated, while that of the water must be 
little short of the boiling point. 

Protection from Oxidation. —If possible the steel should be enclosed 
in a muffle, even if nothing better be at hand than a piece of gas pipe, 
and packed closely in green coal dust, (^oke dust, powdered charcoal, 
or the like substance, to generate a non-oxidizing gas which shall envelop 
the pieces under treatment. Asbestos, ashes, or sand also serve pretty 
well, though usually the surfaces of the annealed tools are less perfect. 
It is much letter to have a suitably designed muffle, preferably of cast 
iron and lined with lire brick, for this use. A rectangular bo.x pro¬ 
vided with a Hanged lid (Fig. 98) is excellent for the purpose. The 
flange should fit very loosely into a 
grooved rim projecting from the top 
of the box. The groove is filled with 
sand, fine ash, or fire clay, to exclude 
iur. The clay answers this purpose 
rather better than the sand. It is 
well to have one or more small holes 
through the cover for the escape of 
gases; otherwise the clay filling may 
be blown off in places. It is very 
necessary to take precautions for the 

exclusion of hot air (and cold also, for the matter of that), becau.se sur¬ 
face oxidation of the steel takes place, in that case, frequently to such 
an extent as to impair the uniformity of the subsequent hardening. 

Time and Temperature Required. —The box and contents are then 
placed in the moderately hot furnace and slowly brought to something 
more than a dark reil, anywhere above the point at which softening is 
completed, and below that at which recalesccnce begins, or above 700 de¬ 
grees (.'. (1300 F.) and u]) to near 800 degrees (1. (1400 F.), somewhat 
beyond which lies the critical ))oint in heating.' This temperature is 
maintaineil from one to four hours, according to the size of the box and 
of the pieces being treated. The jxunt is to be svire that every piece is 
completely and unifortnly heated through. Soakitig, that is to say, long 
continued heating, is likely to be injurious, and should be avoided. It 
tends to make the structure of the steel coarse, fis it doe.s in the case of 
ordinary steel, increasing at the same time the liability to cracking during 
the subsequent hardening. 

It is of course possible to arrive, by experimentation, at a definite 
time for which given bars or pieces must l)e heated in order to anneal 
perfectly and without damage to the structure; but in miscellaneous 
work the conditions vary so mucti that no specific rule can be laid down. 



See the chapter on Nature and Properties. 
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Only experience can be relied upon as a guide^ though the limits above 
mentioned will indicate the approximate range of time within which 
the heating is to lie done. It is better, at first, to under-heat rather 
than over-heat (that is, continue the treatment for a .shorter rather 
than for a longer time than seems probably necessary), since the anneal¬ 
ing can be repeated in case it has not been carried far enough. 

Maximum Temperature.—More important still is the maximum 
temperature maintained. If raised considerably aliove that already 
indicated (800 degrees C. or 1460 F.), the purpose of the treatment is in 
part defeated because near this temperature the changes begin to take 
place which are necessary to hardening; and the steel comes out imper¬ 
fectly annealed, if indeed not quite hard at times, especially if the 
cooling proceeds less slowly than it should. The temperature may some¬ 
times, under conditions insuring extremely slow cooling, range a hundred 
or more centigrade degrees higher. Frequent readings of the pyrometer 
are very desirable. 

Cooling.—The beating having proceeded until the steel has been 
completely and evenly hot throughout, the heat is turned off and the 
furnace allowed to (tool down very gradually — the slower the better — 
and the contents removed only when cpiite cool. This requires, under 
the best conditions, several hours. Twelve hours is a short enough 
lime; and two or three times as long is much better. Cold air must, 
during this time as well as during the rest of the treatment, be carefully 
excluded from the furnace. 

Prevention of Discoloration.—The surface of high-speed steel so an¬ 
nealed comes out very well, but usually somewhat discolored. It is 
sometimes desirable to leave the brightness of the surf.ace unimpaired. 
This is accamqjlished to a moderate extent by placing in the bottom*of 
the annealing box a handful of resin and a second handful sifted over the 
top of its contents. \ thin black film covers the pieces when taken out. 
This objection is avoided by keeping the contents of the annealing box 
constantly surrounded by an envelope of gas, air being absolutely ex¬ 
cluded during the whole time. To do this there must be a continuous 
supply of gas passing into the box, which latter is provided at one end 
with a small iron pipe screwed into a suitably threaded hole at one end 
and long enough to extend well outside the furnace. At the end of the 
annealing box opposite the pipe is a small orifice. The box having been 
filled and closed in the regular way, the pipe is connected with a gas 
supply. The jet issuing from the small orifice, after the .air has been 
driven out and the box filled with gas, is lighted and the box placed in 
the furnace to be heated in the customary manner. The gas, very 
little of which is consumed, takes the place of air in the interstices around 
the steel to be annealed, before the heating begins, and completely fills 
them during the entire treatment, so that there is no possibility of even 
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enough oxidation to color the surface of the pieces. The method is 
excellent where it is necessary to anneal finished tools. 

Electrical Annealing. —Experiments have been carried on looking to 
electrical annealing and to bright annealing by iinnier.sion in a bath of 
fusible metallic salts, somewhat after the manner of the barium chloride 
process for hardening. Moderately successful results have in some cases 
been obtained; but the methods are not as yet sufficiently developed 
for commenual use. I’he two methods have also been combined, with 
apparently good results, the salts bath being heated by the passage 
through it of an electric current. 



CHAPTER XI. 


('.RINDING. 

Importance of Proper Grinding. —Hardening ha-s lieen very generally 
emphasized as the one most important operation in the manufacture 
of liigh speed steel tools — the steel of suitable quality of (course being 
granted. In one sense this doubtless is true, for a well-hardened tool 
will do moderately good work even when the remaining operations are 
badly done, or, in the case of some of them, quite omitted. It is equally 
true, nevertheless, that a tool giving maximum service must have 
passed successfully through all the operations necessary to its manufacture. 
These operations, from the bar stock to the (itiished tool, may be given 
as forging or ,otlierwise forming, hardening, temj.ering, and grinding. 
Certain of these of course arc simultaneous in some cases, as when a 
milling cutter is sharpened before hardening, at the same time it is 
formed. Of these o])erations, grinding is fully as important as any other, 
the same care and precision being required for the development of the 
highest possibilities in a given tool. .\s elsewhere in the manufacdui'e 
of high-sj)eed tools, incompetent or careless workmen, or inefficient 
methods, may easily spoil or render defective an expensive tool. It 
seems very certain that a large proportion of such tools, as made aijd 
used in ordinary practice, are more or less injured by improper grinding. 
The operation is in many plac,e.s regarded indifferently, and in con.se- 
quence there is a serious loss in efficiency. Undoubtedly a good many 
discouraging trials of the new steel turn out badly more on ac.anint 
of improper grinding than for any other reason. Of course not every 
tool plant can be equipped with the most approved machinery, and use 
the very best methods in grinding, any more than in the hardening and 
tempering of these tools. But it is to be emphasized that the best 
results can be expected only when efficiency characterizes every detail 
in their manufacture as well as their use. 

Kind of Stone to Use.—Much has been said as to the kind of stone 
best suited to the grinding of high speed steel tools. A good many 
makers of the steels recommend emery, or other composition stones; 
others prefer sandstone, and still others indicate that either may be 
used under suitable conditions. The fact of the matter seems to be 
that any of these several kinds of grinders can be used with satisfactory 
results — if the stone used be selected with reference to the work to be 
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done and the proper conditions te maintained. It doe.s not follow 
that all are equally efficient. The thing to be desired in this respect 
is that the wheel shall grind as rapidly as possible, leave a sufficiently 
smooth finish, and yet not overheat the tool. A coarse and hard wheel 
ordinarily will grind faster than a fine aTul e.xcessively soft one, say 
like a sandstone. In the ca.se of artifididly bomletl wheels other than 
sandstone, a coarse, soft stone will cut faster than a fine hard one, the 
softness allowing the grain to break down leadily, anil thus continually 
to present new cutting grains to the surface being abraded, and the coai'se- 
ness allowing large, sharp points to engage the work. For this reason, 
and also because it can be speeded up nuudi faster, an emery wheel can 
Ix! made to grind high-syieed steel more rapidly than a sandstone. The 
ease with which artificial stones can be modified in grit and liond to 
meet the various requirements, gives them another advantage. While 
it is probably true that most of the damage suffered during grinding 
high-syieed tools occurs when emery wheels are u.sed, it by no means 
follows that the fault uece,ssarily lies in the u.se of a wheel of this kind. 
As a matter of fact, such troubles usually result from the unintelligent 



Flu. yy. (Jliip.s frotti uorrual grinding magnifitHi. 
Courtesy of the Norton ('oiiipuny. 


use of the wheels. The ine.xijerienced or inattentive operator is likely 
to forget that the emery wheel is running at a syieed very much greater 
than the .sandstone pos.sibly can run, and that in conseipience the tool 
pressed against its face is heated up much more quickly. The result 
is likely to be a ruined <oo' 

“ Glazing ” and “ Loading ” of Stones.— A difficulty frequently met 
with heretofore in the use of these wheels, in grinding high-speed steel, 
has been their temlency to “ gh.ze ” and “ load,” that is, for the cutting 
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grains at the grinding surface to l)ecome worn down smooth and dead 
even, and the pores or interstices in the bonding material to fill up with 
the abraded particles of metal. These two conditions sometimes occur 
separately, and at others together. When tliey do occur, grinding 
ceases in proportion as the surface of the wheel is more nr less glazed 
and loaded. To grind, that is, to “ cut,” the grit at the surface of the 
w'heel must be sharp, not. worn down smooth; and the interstices be¬ 
tween the grains must not be filled up. A grinder is a sort of cutting 
tool. The cutters are the infinite number of sharp grains or grit whose 
angles are exposed at the surface of the wheel. These act individually 
very much like the corner of a broken file in scratching a metallic surface. 
They get behind slight inecpialities in the surface being ground, or force 
themselves into the metal, and in cither case ])ush off a thread-like fila¬ 
ment (Fig. 99) whose size depends upon the size of the grit and the pressure 
applied. Evidently there can be no grinding under the conditions just 
stated, that is, wdicre the grit is worn down smooth or the interstices 
of the grinding surface filled up to such an extent that the grit does 
not protrude. In hand grinding the tendency is, when one or both these 
conditions prevail, to press the tool the more firmly against the wheel. 
Since little or no work can be done with the grinding surface in this 
state, the additional pressure serves only to increase enormously the 
friction, and generally to ruin the tool by the sudden heating of its sur¬ 
face or cutting edge. 

Ruin of Tools in Grinding.—It may seem singular that a high-speed 
tool should be spoiled by any temperature to which it might l)e raised 
in grinding, for that is of course not comparable to the temperatures 
used in the forging or hardening. The damage comes about in large 
part through the “ drawing ” of the “ temper,” and in part through 
“ checking ” or the formation of surface cracks. Softening of high¬ 
speed steel, as previously shown, begins at a temperature apj)roximating 
550 degrees C. (1100 F.) and is completed near 700 degrees E. or 1300 F. 
The lower temperatures in this range are easily possible in careless grind¬ 
ing; and indeed, the higher, corresponding to a low red, has been observed 
at the point of a tool flooded with water. The more frequent injury 
probably is due to the manner in which the frictional heating occurs — 
the sudden rise of temperature in the thin outer skin of the tool face ap¬ 
plied to the surface of the stone, and consequently its rapid expansion 
without reference to the unheated portion back of and adjacent to it. 
The result is that numerous checks or cracks are formed, more or less 
deep according to the pressure, speed and duration. Under these cir¬ 
cumstances, if the stone I)e used wet the trouble is likely to be greatly 
aggravated; for the cold water coming into contact with the heated sur¬ 
face is almost certain to cause a multitude of checks over the whole 
surface affected. 
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Wheels Suited to the Work. —A large part of the trouble, if not the 
whole of it, lies in the use of wheels not suited to the work in hand. It 
is well enough understood that the use of one form and size of lathe tool, 
standardized as much as it may be, for all sorts of jobs and on all kinds 
of material, is not only uneconomical, but exceedingly foolish. Various 
jobs require particular tools, such iis arc siiecially adapted to the work 
in hand. Precisely the same thing holds true of grinding wheels. It 
is quite as absurd to use the same stone for finishing brass and for 
sharpening tools; and likewise to use for grinding high-speed tools a 
wheel made for an entirely ilifferent class of work. If a stone l)e used 
which has been properly selected, and which is run under suitable con¬ 
ditions, there will l>e no glazing, even if the i)ressure be exce.ssive. The 
latter condition will but tear up the wheel and overheat the tool the 
faster. 

Wheel for General Use. —It may be said, in general, that the difficulties 
just described arise from the use of a wheel too fine in grit or too hard 
(or close-grained) in bond. Wheels made especially for grinding hard 
carbon steel tools give but moderately good results when used on high¬ 
speed tools. The grain is too fine, and the grade slightly too hard. 
The ordinary run of high-speed tools such as are used in lathe, planer, 
shaper, boring mill, and the like w'ork, require, for moderately rapid and 
sufficiently smooth grinding, a wheel of quite coarse grain. Mr. Taylor 
recommends for general work a mixture of grits, numbers 24 and 30; 
that is, grit passing through screens with openings respectively 24 and 
30 to the inch. For all tools such as described above, unless intended 
for finishing cuts, a 2()-combination is entirely satisfactory, and can well 
be used for all sorts of rough grinding, and even for a good deal of finish 
grinding. It is a mistake to suppose that to jmiduce a fine finish in 
grinding the wheel tiecessarily must bo of a fineness to correspond. 
This is true of soft metals, but not at all of very hard. The smoothness 
of the finish in this case, which includes high-speed steel, depends more 
upon the depth of cut (pressure applied), speed, and .softness or open¬ 
ness of the wheel, than upon the fineness' of the grain. 

Wheel for Finishing Tools. —Tools requiring very keen cutting edges, 
like drills, milling cutters, and in fact all fine tools or such as are used 
for finishing cuts properly speaking, need a fine-grained wheel, as well as 
a softer one, to insure the best results — say what corresponds to a 60- 
grain ,1-grade alundum wheel. For tools intermediate in finishing 

' It may be mentioned here that the fineness of grain or grit is designated with 
approximate uniformity by makers of tliese wheels, liy use of the numbers correspond¬ 
ing to the number of lioles per inch in the screen used. For indicating “grade,” how¬ 
ever, each maker seems to 'oe a law unto himself and to use a different nomenclature 
— most frequently the letters of the alphabet. Even the very general terms “hard,” 
“medium hard,” “medium,” “soft,” and the like, vary more or less as applied by 
different makers. 
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quality or size l)etween the class just mentioned, and large roughing 
tools, a wheel of grit and hardness (or softness, rather,) between this and 
that already designated for the roughing tools, is often used. A com¬ 
bination 20 and 30 is niu(di in favor. It is a matter of great conse¬ 
quence that the wheel used be just suited to the tools; and for this reason 
it is very desirable that a sufficient variety, not only in form, but in grade 
and grain, be kept on hand, so that each batch of tools can be most eco- 
nomicudly and perfectly ground. The time required for changing wheels 
is in no wise comparable to that gained and the economy secured as a 
residt of the changes. This raises the cpiestion of the organization 
of the tool-grinding servicce, wliich will l)o considered in another para¬ 
graph. To avoid the neccessity of truing a wheel each time a change 
is made, it is desirable that eacdi l)e mounted on its own arbor and 
screwed onto the sjcindlo when recpiired, or attached in some other way 
to secure perfect centering. 

Running Speed Important.—^The sjeeed of the wheel sheudd lie that 
recommended by the maker. Not “somewhere near” it, but as closely 
approximating it as possible. This is very important, and tlie general 
disregard of it, tlie inattention to the maintenance of a suitable running 
speed, in genend .as rapid as the bond of the wheel will safely permit, is 
responsible for much of the troidde that arisc,s in grinding. Indeed it 
may be said with assurance that jcracticadly all grinding troubles arise 
from ignorance of proper conditions, or inattention to them. 

Additional Considerations. There are other conditions als<i involved 
in the projier grinding of high-speed tools — and of all classes of work 
likewise, for the matter of that. Kvideutly, for one thing, the wheel 
must be true; and for anotluir, it must run steadily. To secure the 
latter condition, the machine, whether intended for hand or for auto¬ 
matic grinding, needs to be strongly built and even massive, .and the 
spindles .and bearings as large as may be consistent with the size of the 
wheels used. Provision of course must be made for keeping grit out of 
the bearings. It is a great mistake to suppose that any old worn-out 
stand will do, even for rough hand grinding. 

Truing Wheels.—The wheel once properly mounted (between soft metal¬ 
faced fl.anges with a diameter at least a third that of the wheel, or at any 
rate with suitable washem between wheel and flanges) in a rigid stand or 
machine, it must be exathly trued by a diamond dresser hold firmly in 
position by the tool y)ost or other holding device. Dressing by hand is 
unsatisfactory, and dressers other than the diamond do not yield a suffi¬ 
ciently good condition of the grinding surface. In truing, the diamond 
must be constantly and thoroughly flooded with water, or it is liable to 
be flattened. ' But little of the wheel material should be removed — only 
enough so ,the sound is absolutely even as the dresser passes back and 
forth over its face. Very light pressure, therefore, is required. 
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Automatic or Semi-Automatic Grinding.—Such precision as is here 
indicated of course implies automatic or semi-automatic machine grind¬ 
ing of tools, and is not essential in rough grinding by hand, though 



Fig. 102. Walker sell-contained floor grindor. Fig. 103. Yankee drill jrrmder. Motor-driven and 
This grinder has much to commend it where entirely wlf-contame<l. It is e.sscnfml in a drill 

hand grinding is perinissii)lo. The rotating ' grinder that the holder b<j swung us to grind 

hood forms also u Ixiwl which may lx* kepi filled correct clearance, as this one does, 

with water, for the collection ol dust, (.'ahper 
rests, as here shown, are esscDlial in the liaod 
grinding of high-speed tools. 

work of tools, and the frequently large loss by breakage common in so 
many shops, is due to improper grinding. A drill with lips ground at 
a guess, one lip sure to be different from the other, .as is unavoidably the 
case when it is ground by hand, even by an experienced workman, 
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clearly goes into its work with conditions favorable to breakage and 
with every probability that the holes produced will be imperfect. Mill¬ 
ing cutters, lathe tools, and the like, of cour.se are from their forms less 
likely to breakage under strains; but inequalities in cutting edges, espe¬ 
cially so in the teeth of milling cutters, core reamers, and the like!, 
inequalities inevitable in hand grinding, very evidently will show iq) in 
the surfaces they leave behind. Furthermore, they tend to promote 
chattering. It shoidd be obvioeis, therefore, that hand grinding has no 
place in any well-regulated large shop, except possibly for roughing 
tools down to a))proximate size, and that the precision above recom- 
niended is none too great to insure the highest efficiency in high-speed 
tools. 

Grinding Equipment.—As to the number and kind of machines to be 
installed, this naturally would depend largely upon the quantity and 



kinds of tools used. In a shop of any considerable size it is likely that 
at least one <lrill grinder would be required, preferably one easily adapteil 
to the grinding of all sizes used, imle.s.s there be work enough to keoj) 
more than one machine busy. 

Most drill grinders now offered conform to the two prime essentials — 
freedom from vibration, and adjustment for maintaining uniform lip 
angles and curves at the points, for all sizes to be grouml. It is of the 
utmost importance in grinding drills that the clearance angles along the 
entire length of the I'utting edges be uniform; otherwise the clearance at 
some points will be too great, and at others too slight, as is shown by 
the annexed Fig. 104. In order to accomplish this, the drill holder 
must be so devised as io swing through a curve corresponding to the 
required clearance angle. 
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Since lathe and like-shaped tools form by far the larger portion of the 
tools in most shops, a universal machine adapted to grinding these tools 
is generally essential. Milling cutters can be ground successfully only in 
a machine designed for the purpose, or by the use of attachments to other 
grinders providing the requisite fittings and movements. In small shops 
such a combination machine, say like the one illustrated at Fig. 107, is 
\ \®i^^culated to take care of all kinds of work. Some of the more 
exirSn^ve^ universal grinders likewise are now provided with attachments 
permitting the grinding of other than rotary tools (Fig. 107). 



lie. 105- A universal Krintier ((lishnlt) designed for sharfMinmK lathe and like tools All angles ran l>c 
produced with cc-rtainty, and by following a chart giving the standards adopted, tools can be redup¬ 
licated indefinitely. 


It is sometimes desirable to make use of special grinders for special 
forms of tools, whether because of the amount of work to be done or 
.the superior adaptation of such m.achines to the work thus in hand. 
An example of such special machine i.s a saw grinder and a special reamer 
grinder, illustrated at Figs. 108, 109 and 110. Special devices in the 
nature of jigs can be used to a much greater extent than is now done, in 
grinding not only in.serted cutter blades, but other tools and parts. 

Cup wheels, used in common with disc grinders on other forms of tools, 
are required for most rotary cutters, .since this shape of wheel allows the 
proper facing and backing off of spiral and other difficult shapes of 
cutters. The cup wheel gives a straight clearance or land instead of a 





Flo lOfi VVilniarUi & Mormon Company yankec drill grinder, wii.h 
altaclimcnt for universal Krindini?. V<iry flesirabk* m a small shop 
witli ji coiisideiablc laiiKt* of tool grinding work. 



Fio. 107. In shops using relatively few tools, a grinder resembling this Brown & Sbarpo machine is very 
desirable, since it is available for practically all classes of tools, including those of tne lathe and planer 
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Fto, 109. tfbarpcnmg a Tmdel saw on a Le Blond universal grinder. 
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Fia. 111. Grinding jig df^sijKned by WUHim O. Thumm. Esiiecially adapt^ed for grindinR m«Tt<*d 
omtorH for H large fact* null. 
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curved one, such as is obtained (unless unusual precautions are taken) 
when tools are ground on the periphery of a disc wheel. This method 
of grinding, by the use of cup wheels, therefoixi not only does not undercut 
the edge, but leave,s it in the btfst po.ssible form and condition for effecttive 
work and maximum life per grinding. 



Fifl. 112. The rup wheel haa decided advantages in certain kinds of work, as in edging a sheer blade, 
requiring a flat laud or surface behind the cutting edge. 


Conditions to be Avoided. —Some grinding machines are provided 
with positive feed devices for forcing the tool against the wheel. There 
is no objection to this arrangement if the feed be light, as already recom¬ 
mended, and if provision be made at the same time for moving the tool 
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or wheel in such a way that one passes across the face of the other 
to a greater or less extent during the whole time of the grinding. If tool 
and wheel face maintain the same rela¬ 


tive position, even with a light feed, the 
chances are that they will quickly come 
to fit against each other very closely. 
The cutting face of the wheel then gets 
sitiooth, the grinding proceeds slowly or 
entirely ceases, and the tool rapidly heats 
up, just as if the wheel were glazed — 
which it .sometimes is uiuku' these cii'- 
curnstances. Such a condition is most 
likely to occur when the face of the 
tool is rather large, and in this (aise 



especial cai'e is to he observed when 


/ 


grinding with a flat surface, tirinding Fi,i. 
amuss the face with the angle of a 


113. KlTect. of RrindinK with disc and 
with cup whccirt. 


wheel having a V-shaped insteail of a b.and periphery, eliminates this 
trouble, though perhaps it somewhat reduces the r.apidity of the work 
and at the same time leaves a face more or less <nirved according 
to the diameter of the wheel, as is (he case always in grinding on the 
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periphery of a wliecl. Tiie riiethocl makes it j)o,ssible to flush thoroughly, 
a difficult thing to do in flat grinding. Wlien a relatively large surface 
presses against a wheel surface, very little, if any, fluid gets between; 
so that the purpose of flushing is in large measure defcatcil. 

Wet vs. Dry Grinding.—.4s to the respective merits of wet and dry 
grinding it ilocs not seem safe to hazard a square statement. Many 
have found, or think they have found, wot grinding advantageous; and 
many others seem to have a contrary e.xperiencc. The purpose of wet 
grinding of course is to cool the to(d and therefore to allow more rapid 
work; and incidentally to eliminate dust. With suitably hooded ma¬ 
chines the dust is effectually removed; and it is a que.stion it the 
damage often done tools in wet grinding docs not much more than 
offset the possible inc.reas(‘d si)eed. If the amount of water thrown 
against the tool is very large arid the stream is closely confined to the 
place where the work is done, there is considerable gain in large work. 
There is, however, the ])racticat difficulty of forcing water between 
wheel and tool siirfaces where it can keep the face cool, all the greater 
because the amount should be, large, but the speed of delivery slow; 
and it is doubtful under these circumstances if the liability to checking 
by reason of the contact of the water with the at times over-heated sur¬ 
face does not do more damage than good. However that may be, w’et 
grinding is very larg(dy practic(!d in connection with large and simple 
tools, especially where the surfaces to be ground are more or less round¬ 
ing rather than flat. On such work as milling cutters, reamers, drills, 
and the like, dry grinding seems preferable; and indeed few machines 
, are designed for wet grinding of these types. The sandstone, if used, 
must run wet ; ami this is a good reason why it is best left alone.for 
much, if not all, grinding of high-speed tools. 

Oil for Cooling—Nozzles and Hoods.—Modern emery or composition 
stones are not affected by oil, when well soaked, and do not, so far as 
reported, have their cutting (pialities impaired. It w'ouhl therefore 
seem that if oil were used for flushing in grinding all classes of high 
speed steel tools, all the advantages of wet grinding would he obtained, 
with none of its ilisadvantages. The very considerable waste from 
“ spattering ” could no doubt be eliminated by suitably constructed 
■nozzles and hoods. ,411 grinders should be hooded anyway; and as for 
nozzles, until recently nobody seems to have thought it worth while to 
use anything other than a piece of pipe. With some attention to these 
points oil grinding would seem to pronuse much in this new field. 

Grinding Before Hardening.-^Whatever may be the several opinions 
respecting sandstone and emery wheels, and dry or wet grinding of 
hardened tools, the kind so far under consideration, it seems to be pretty 
generally agreed that for pre-grinding, that is, for grinding before harden¬ 
ing, a dry emery wheel is most satisfactory. With a soft or open and 
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coarse wheel, material can be removed with great rapidity and without 
danger of harm to the tool. Sometimes the tool is ground while still 
hot from the forging heat; and indeed this is recommended where con¬ 
venient. It is no disadvantage even though the tool be still red hot. 
The advantage 
oftlm.spre-grind- 
ing manifestly is 
that the tool is 
still soft, and the 
reduction is 
muchinoi'e rapid 
than after it has 
been hardened. 

Metal to be 
Removed in 
Grinding. -Tlio 
finish grinding 
obviously need 
be relatively 
slight. Tills re¬ 
fers to tile sur¬ 
face of the tool 
in general; for .at 
the cutting edge 
the finish grind¬ 
ing, when rough 
grinding ji re¬ 
cedes the hard¬ 
ening process, 
must be severe, 
if the full effi¬ 
ciency of heavy 

tools is to l)C do- US' *' Wizard ” nozzle prevents the spattering common when ordinary 

forms are used. 

veloped. It is 

a matter of remark among the users of high-speed tools that in 
general they do not work up to their highest possibilities until after 
two or more grindings. The reason is simple. The high hardening 
temperature to which they are subjected affects the sustaining power, 
especially at the cutting edge, wliere the danger of “ burning ” the steel 
is greatest. lOvidentl^ a tool will dull or break down much more rapidly 
when any portion of the in'ured skin remains than when tliis ha.s been 
removed; and quite evidently also the tool must either bo ground 
several times in the cusloinary manner, or the burnt portion must he 
removed by a .severe single grimling, in order to bring out its full possi- 
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bilities at the first use. On lathe, planer, and similar tools, .jVinch i.s 
ordinarily none too much to grind off the cutting edge the first time; 
and on large tools rather roughly forged, more is desirable. On fine 
cutters with keen edges, hardened at a somewhat lower temperature, 
no such heavy fir.st grinding is necessary. Ordinarily such tools are set 
at work without grinding subsequent to hardening. 

Direction Wheel Should Run.—Carbon .steel tools are ground with 
the wheel running toward or from the cutting edge, at the fancy of the 

grinder u.sually; and good edges can 
be secured either way — provided, 
in the second case, the burr l)e 
removed l>y honing. High-speed 
tools are preferably ground with 
the wheel running against the cut¬ 
ting edge, most grindere being in 
this way able to get better results. 
It is not desiralde that the grinding 
face be run along a cutting edge, 
though in certain cases this may be unavoidable. Revolving cutters, when 
so ground, that is, with the wheel rotating against the cutting edge, need 



Fio. IIB. HiKh-apocd tools aro host ground by re¬ 
volving tlie whw'l against the cutting edges, 
aa show in B above, rather than with tlie teeth, 
as iu A The former niotliod prevents burring 
and allows faster grinding. The cutter niuat 
be held firmly against the rest, by hand or 
otherwise. 



Fiq. 117. Customarily the cutter is held by hand against a guide. Especially when used in taking ' 
finishing cuts, it is better that the cutter be held in place mechanically. 


to be rigidly held against the tooth rest; otherwise there is likelihood 
that they may be drawn out of proper position by the wheel, and the 
teeth scored and the wheel damaged or even broken. The usual method 
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IS to hold the tool by hand against a guide. This is liable to permit 
more or less unsteadiness and consequently eccentricity in the periphery 
of the cutter. Holding and rotating the cutter mechanically is much 
to be preferred, particularly if it is to be used for finishing cuts. 

Amount of Water Required.— It seems .scairelv neces.sary to point out 
that a tool started either wet or dry should be finished without change. 
In hand grinding dipping the partly ground to,)l inlo water for cooling 
1 .S almost sure to damage it. In wet grimling the water su])ply must 
be much more liberal than is usually allowed. The flow need n'ot, and 
indeed shonld not, be very rajiid; but the volume deliveied fron'i the 
nonzle must be, for ordinary grinding, enough to flood completely the 
tool —say from five to ten gallons jier minute. A discharge'area 
equivalent to that of a | inch jiipe, therefore, is none loo large, and for 
l)iK tools is not large enough. 

Keeping Tools Sharp.—Because it is possible to force high-speeil tools 
even when dull, it is a common practice to run them longer without re- 
grmding than is economical - to run them, in fact, until the edge breaks 



Fio. 118. Grinders in connection with the stock room. This isa very convenient location for Rrinders. 
the work being ios- by tliosu connected with the tool or slock room. 


down or the product passes beyond the limits of required accuracy. 
The maxim “ keep your tools sharp ” is as apiilicalile in the case of 
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high-speed as in that of ordinary tools; though the consequences of 
disregarding it are perhaps less noticeable when the tools are used in 
connection with strictly modern machine tools. If used in macdiines not 
especially designed for them, the observance of the caution is a matter 
of great importance; otherwise the wear on the mai-hino and effect upon 
the work is very marked. Furthermore, if the tool is not ground as 
soon as it begins noticeably to dull, the dulling thereafter pnna'eils at 
an increasingly rapid rate on account of the machine giving under the 
increased strains and the consequent augmentation of thi^ chatter, which 
latter is at the bottom of most of t he wear or breaking down at llie ciitling 
edge. In the end, therefore, it is better to grind offenei', remo\e less 
metal per grinding, and kee]) the tools keen. 'I’iiis will almost wholly 
obviate the need for fettling tools in the forge shoji, jiarticnlarlv if they 
have been properly designed in the first place l-o jirovide for the removal 
of many successive layers at the cutting end before reqniring forging 
to shajie again. 

Re-grinding—Finding Cracks.-dn i-e-grimling tools, either becausi' 
dulled or becaitse of damage sustained in a iirevious grinding, the amount 
b)f metal removed should lie coimnensiirate with the condition of the 
knitting edge or tool surface. If the tool has been damaged by over¬ 
heating in grinding, the ])art to be grounil away most generally will need 
to be at least iV inch, and may need to lie two or three times as dee]). 
Cheidis are exceedingly difficult to discover, and usually ))ass unnoticed 
until the tool bi’eaks down at woi'k. Mention is made hereafter of a 
method whereby they can usually be detected. 

Land vs. Face Grinding.- When I'e-dressing a dulled tool it is desirable, 
for the most part, to grind both li]) or face, and clearance or back, most 
of the material removed i)referably coming from the latter surface. 
As tools of the milling cutter tyi)e ustially wear, a given dejith re>noved 
from the btick will give ;i result equivalent to that |)roduced by remov¬ 
ing two or three tinies as great ;i depth from the bice. (Irinding the 
back .also serve.s to ])resprve jieidectly the contour of the cutting jie- 
riphery. The life of such cutters is therefore considerably iirolonged in 
this way. 

Tool-Room Organization.—The methods and precision here, indicated 
as essential to economical grinding for highest efficiency, imply the 
standardization of the tools used in a sho)), as far as ])ossible; and the 
organization of the tool suj)))ly on a basis which relegates all grinding to 
a department or to departments suitably equiijped for first-class work, 
and manned by operators skilled in that especial work and trained to 
the observance of all details of design in particular tools as well as the 
methods to be followed in the actual grinding operations. The organiza¬ 
tion of a tool-supply department can be very simj)lc, and indeed should 
be so. 'I'Ue iirime requirements are prouer equijmient and operation, 




I'Ki. 1I!». Ilio (hffiriiltICS foinieilv ntlfruimK ilir arciirntc criiuling of spiral rnilhriK ratters have been 
piedy well l•lImInIltc(l in sc%cnil recent universal cutter Knnders. A cup wheel Krnuhng the land back 
ol the cutting edRC. 



Fia. 120. Ad expensive method of grinding high-speed or any other tools, viewed from whatever point. 
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ROUND NOSE ROUGHING TOOLS 


roR LATHES & PLANERS. 


DtAwiNt N» 


Blunt Tools, 

ton Cast Iron » Harder Grades or Steel 


Sharp Tools, 

TOR Wrought Iron Jt SoriER Craocs or Snct. 


To Gnmo TOP FACE Adjust Macminc as Foilow& 


To CaimoTOP face Adjust MACHmt as Foilo 


STRAIGHT TOOLS 


foH STRAIGHT TOOLS. 


RIGHT HAND 


Horiz owta>. Anclc | 97>» 
VtftTlC*L AwCLt_ 104* 


Ho AiZOWTUt Ancl i I d iSi 
ViaticalAncu 


"1^ 


RIGHT HAND. 


Hob iton tal Awc le__97*4 

VERTICAL AwCii 112* 


LEFT HAND. 


Horiio mtai AwtLt 

VtBT>CAL Awcn 


roB BENT TOOLS 


FOR BENT TOOLS. 


MoRiZ OftTAL AwCj.C 
VtRTiCAl. Awt 11 


HoftIZO WTAl A ncll 
Vertical Ancle 


RIGHT HAND 


■ 61 ^ 


Ho flizoNTAL Anc le 

ViBTiCAt Ancle 


J05‘t1 


LEFT HAND 


Horiio ntal Anc le 
WBTlCAC~iftNClE 


To Grind END FACE Use FORMER (g) AND Make Horizontal Ancle o» Adjustment 96f 

When Face is Finished Ind ex FiNcrR or END GAUGE Should Point as rpLiOwS; _ 

Size Of Tool ' ~ \ V~\W] l^'l 2‘t Size Of Toor \^a I H I >4'I V l ^'liy) 


|iiiot» Fiwccb Should Point - 


□TTlS 119 


liToTii TiHcrB Should Point TO 12 1A 1 ^ 110114 ns reft 


Starumt Tool 
R'Ciit Hano 


;] 


i'll <M leoi 

_ I _ 


Ha,, 



Straight Toot 
Lett Hand 




Bent Ton 
Richi Hand 




Fhj. 121. Part of direction ahe<*t used in connection with Sellers’ grinder. With a Bh<«t thus showing 
standard forma and angle.s Indore him, the tool grinder is able to n'produre exactly a too! edge an 
indcfauite number of tunes 


us staled; standard designs of tools for ])raftically all jolis, all details 
for each tool being definitely determined and earefnlly observed; and 
an am])le su]iply of tools, sufficient to permit machine operators to 
replace (bill tools without loss of time. The hitter are at convenient 
times returned to the snjjply (kipartnient in exchiinge tor sharp ones. 
The tools are ground in batchiis, as these accuinuhite, to save too frequent 
changes at the grinder. The man in charge of the grinding, of course, 
is provided with a .set of .standard samples and a chart indicating the 
precise form and angles for each tool. This being carefully followed, 
the difficulties arising from hand grinding, such as varying angles, 
unsymmetrical cutting edges, imirroper bai’king off and relief, and the 
like, are entirely absent, and tools not only work more effectively but 
last a great deal longer. The fixed charges on the investment repre¬ 
sented in such an equipment and ample tool supply is not comparable 
to the economy effected. The conditions of course apply with equal 
force in the case of ordinary tools; and the method of handling the re- 
grinding would be the same for both. 


































CHAPTER XII. 


DETERMINING AND REGULATING TEMPERATURES IN HIGH 
SPEED STEEL TREATMENT. 

Reproducing Determined Conditions. —Gues.swork is not consistent 
with modem industrial methods. Rough approximation is uncertain, 
and therefore wasteful. It has, of course, alway.s been true, but only 
in recent yeans has it come to be well understood, tliat the physical 
and chemical changes involved in so many productive industries take 
place under definite and constant conditions. Variation in conditions, 
whether it be in burning coal under a boiler, conducting an electric 
current, the heating of a'baking kiln, the treatment of a tool, or what 
not, involves variation in the nature or efficiency of the product; and 
in consequence also it involves waste. The conditions of maximum 
effect once definitely determined, it is of the first importance in nearly 
all industrial operations that they be reduplicated within the established 
limits, with certainty and econojuy. The manufacture of high speed 
steel tools forms no exception; on the other hand the accurate gaging 
and reduplication of temperatures, especially high temperatures, is an 
absolute essential to anything approaching the maximum efficiency 
in tools. 

The Eye not Dependable.—Formerly a j)rime (pialification of ii success¬ 
ful toolsmith was the possession of a well-trained eye, the ability to dis¬ 
criminate shari)ly the colors through the wide range seen in the heating 
of a piece of steel — this, that he might gage with more or less accuracy 
the heat to which the tools of various steels and for different uses were 
to be raised when hardening or tempering. Not that the color scale had 
for him (usually, at any rate,) any definite relation to specific tempera¬ 
tures, but rather because it was known to be more or less definitely 
related to the hardness and hasting quality of steel tools, the relation 
depending a good deal upon the particular steel used, and perhaps also 
upon other conditions. No matter how skillful a toolsmith might be, 
however, his tools, carefully made as nearly uniform as might be, still 
turned out varying more or less in quality. As we now know, this of 
course is just what might be expected under the circumstances. Until 
lately nothing was known of the critical or recalescence points in steel, 
the precise location of which in the temperature scale must be known 
before the proper heat for any particular steel can be determined. Even 
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if they had been known, their precise location by reference to the colors 
as perceived in a pie(« of steel by the unaided eye, would have l)een 
practically impossible. This is due not only to the difficulty of discrim¬ 
inating between the colors of a radiant body when those colors do not 
vary greatly, but even more to the personal equation of the observer 
and the variation in the conditions under which the observations are 
made. 

Elements Making for Uncertainty. —Not only do persons differ as to 
just what is, say bright red or light yellow, or any other color for the 
matter of that; but in the same ])erson the judgment will vary with 
his freedom from fatigue, hi.s ])hysic!d condition, and even his mood 
Furthermore, the light in which colors are seen modifies them to a con¬ 
siderable extent, so that seen in one jtart of a shop a piece of steel of a 
given temi)crature might appear to have one color, while in another 
part of the same shop it might apj)ear .several shades different. Even 
in the same spot in a shoj) the light is hound to vary a good deal accord¬ 
ing to the cleanness of the window and the conilition of the weather 
outside. Of course when artificial light is necessarily used part of the 
time, the trouble is still furthei' accentu.ated. 

The Personal Equation. —The difficulties arising from the personal 
e<piation, even in the c.ase of skilled observers, is well seen in a com¬ 
parison of three well-known color scales: 


TABLK vr 


Poillilot.' 

S 


Tavloi 4.t White 

1 


Howe. 

C 

s 


U 

Ui 



u, ' 


u 




' 




Jjfiwest red vis-l 

470 

878 

Lowest red 

Dark rctl 

525 

700 

977 

1292 

IjOW, dark, orj 
blood red S 

566 

1050! 

i 

JjDwest retl vis- ) 
lide in light $ 

j Did! red I 

475 

550 

to 

887 

1022 

to 

Lowest cherry 

800 

1472 

Dark cherry 

635|1175; 

1 1 

625 

1157 

Cherry 

900 

1652 

Cherry, lull red 

746! 137,5! 

Full cherry 

700 

1292 

Bright cficrry 

1000 

1832 

Light red 

843 1550: 

Light red 

850 

1562 

Dark orange 

lion 

2012 

( )rangc 

899 

16,50‘ 




Bright orange 

1200 

2192 

Liglit orange 

941 

1725, 

1 

950 

1742 




Yefiow 

996 

1825 

Full yellow 1 

to 

to 







1000 

1832 




Light yellow 

1079 

1975 

Liglit yellow 

1050 

1922 

White 

1300 

2372 

White 

1205 

2200 

White 

1150 

2108 

Bright white* 

1400 

2552 








(1,500 

2732 







Daz^lin;; white 

to 

to 








(1600 

2912 








> Poiiillot ovcT scventy-dve yeurg ago drvi.scul hig color scale, wlncli even to tins tlay J8 quoted as 
authoritative, tliough his instnuinMils for gaging Uiiiiporatnrcs were by no means coui|»arablo witli 
those in use to-tlay, and his rosnlts, or his nomcncbituiH, at any rattt, aie not very well in accord with 
more recent scales, as may be seen in tiie (able above. 

^ It is impossible, ill tool-inakiug practice, to discriminate with any accuracy the hues generally 
designated while. 







REOULATING TEMPBRATURE8 IN HIOB-EPEED STEEL IS? 

Dependence upon the eye for the determination of temperatures, and 
their accurate reproduction, leads to very uncertain, and in the case oi 
high-speed steels, rather unsatisfactory results. It is quite as evident 
that in the treatment of a commercial product as expensive as a compli- 
cated tool, particularly when made of a material like high-speed steel, 
which requires for maximum effects even more care than the cheaper 
carbon steel tools, adequate means for temperature gaging and redupli¬ 
cation are of prime importance. 

Temperature Gaging Devices. —A good many instruments and devices 
have been brought forward for gaging temperatures, especially tempera¬ 
tures above those for wliose measurement the spirit of mercuric ther¬ 
mometer is available. Those at present in use. which .are of value in 
connection with industrial pr()cesse.s, are included in the conspectus 
here presented (Page l.'jS). 

Adaptation of Gage to Purpose. —Not .all the instruments included in 
the table (VTl) are suit.able for use in connection with the treatment of 
steels, and some of them can be used to a limited extent only. Thus the 
mercurial thermometer, when of suitable form, can be used for gaging the 
temperature of the oil tempering bath. When so used it needs to be made 
of specially heavy glass, well annealed, and preferably the tube above 
the mercury filled with an inert gas under great pressure. 

“ Sentinel ” Pyrometers, or Temperature Cones.— “ Sentinel ” pyrom¬ 
eters, or tenqierature cones, strictly speaking, are not instrumental, for 



Fio. 122. Temperature doterniiiuDK cones, or “ sentinel ” pyrometers, which melt down or 
fuse when prodetermiuod temperatures are reached. 


there is no scale, and each cone can be used but once. They are made 
of metallic alloys or mixtures or earths and the like, so proportioned that 
when a given cone rc.aches a predetermined temperature it fuses or 
melts down. They are useful, therefore, in indicating when desired 
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TABLE VII, 


Class. 

Principle Involved. 

Types. 

Range 

Centigrade. 

Range 

Fahrenheit. 

Expansion 

Variation in volume 
of a substance by 
change of temper¬ 
ature. 

Gas 

Mercurial 

Spirit 

Pneumatic, gas 

Metal rod, etc. 
Porcelain (contrac¬ 
tion) 

Water current 

Brown platinum 

0—1000 
-04— 550 
-210- 25 
low— 980 
low— 485 

low—1800 
0—1600 
0—1600 

32—1850 
-100—1025 
-350— 75 
low—1800 
low— 900 

low—3200 
0—2900 
0—2900 

Pneumatic 

Flow of gases thru 
small aperture.s. 

Uehling 

low—1650 

low—3000 

Calorimet¬ 

ric 

Relation of specific 
heat to quantity 
absorbed. 

Siemens water py¬ 
rometer 

low—1480 

low—2700 

Fusion or 
“Sentinel” 

Uiietpial fusibility 
of various metal¬ 
lic or earthy cones 

Seger temperature 
cones 

0—2000 

32—3600 

Thermo¬ 

electric 

Current developed 
wlieii one junction 
of a thenno-coujile 
IS at a temperature 
differing from that 
of the other 

LeChatelier \ 
Hoskins ( 

Bristol ^ 

Price, etc. ) 

-180—1650 

-380—3000 

Resistance 

Variation in electri¬ 
cal conductivity 
under changes of 
temperature. 

LeChatelier 

lowest ] 
attain-!l200 
able J 

lowest ) 
attain->2200 
able I 

Radiation 

Measurement of heat 
radiated. 

F(;ry 1 

Bolometer J 

900—1600" 

1650—2900" 

Optical 

Variation in luminos¬ 
ity or wave length 

Morse —superposi¬ 
tion of incandes¬ 
cent filament 
LeChatelier mirror 
F4ry absorjition. 
Wanner — all pho¬ 
tometric compar¬ 
ison. 

Mf'‘sure ife Nouel — 
prismatic 

600—2000' 

j 500-2000’ 
900—1800' 

750—1000' 

1100—3600' 

925—3600' 

1650—3250' 

1400—1850' 


* The upper limits of sonio of thoKO pyrometers are much higher than tliose here uulicated —in 
R<»Tin* cases, as tlie F»'*ry radiation instrument, and the bolometer, there is no theoretical higher limit. 
Tlie langes here given are, so far as <lata have been obtainable, those within which reasonably ac¬ 
curate results are to be had in industrial service. Certain of the insiruments named are sometlmea 
made for laboratory use with higher and low'er limits. The Holborn-Kurlbauin Instrument is the 
Gorman form of the Morse, and its range is the same. 

2 The bolometer, especially in its unproved form, is a laboratory instrument capable of measuring 
infinitesimal changes in temperature, and has an unlimited theoretical range. A change as minute 
as the millionth part of a degree can be measured wltli it In the improved torm it consists essen¬ 
tially of a paiFiOf differential platinum thermoineteis mmle ot very narrow strips of exceedingly thin 
foil, one of which is completely blacked and the other hare, both enclosed in an hermetically sealed 
tube. An indicator of the Callendar type is gcoerally used. 
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temperatures are reached, and can be made to indicate, by using pairs 
selected for the purpose, the maximum and minimum temperatures 
within which a process or treatment must be carried on. Thus if a tool 
is to be heated to between, say 1025 and 1050 degrees C., two cones, 
one of which fuses at the lower temperature and the other at the higher, 
are placed in the furnace while the heat is going up. When the first cone 
melts down, the tool is introduced. By watching the second cone and 
regulating the furnace when there arc signs of its melting, the tem¬ 
perature can be maintained within the required limits. It is well to 
introduce cones of the first kind from time to time so as t(> insure keeping 
the temperature above the niininiuin. This method of course is rather 
tedious, and is not permissible as a regular thing in commercial work. 
The “ sentinels ” are very useful as a check upon the regular pyrometer, 
and also uj)on the judgment of the operator when tools are hardened 
without such an instrument. Some sixty ilifferent grades are com¬ 
mercially obtainable, giving a considerable range, from about 590 to 
1975 degrees ('. (1095 to 15720 F.). 

“ Poker ” or Fire-End Pyrometers.—The most usual method of gaging 
temperatures of materials undergoitig industrial processes is to insert 
into the furnace, fire chamber, or other containing receptacle, the .so- 
called fire end or “ ])oker ” of any one of several tyjres of ])yrometers, 
the temjieratui'c being indi<'!ited or recorded at a greater or less distance 
away (in the case of the electrical instruments), ns may be expedient. 
In expansion instruments the indicators of course are attached directly 
to the stem, .as in the water current and the Brown idatinum pyrometers. 
These instruments are based on the same prindple, the former having 
its non-platinum parts cooled by a (mrrent of water so as to .adapt 
it for continuous use. The latter is quite durable, but is not adapted 
for continuous use, the stem or fire end being expo.sed to the furnace 
heat only long enough to .allow the indicator to register the maximum, 
the instrument being withdrawn before the iron frame can be injured or 
the platinum impaired. 

Le Chatelier Type, -lx? Chatelier seems to have been the first to per¬ 
fect an electrical heat gage, applicalde to industrial proce.sses requiring 
very high temperatures, in liis tlierino-coujrlc electric ])yroraeter; and 
instruments of this type are most fre(iuently used in connection with 
the treatment of high-speed steels. ,Se\’eral different makes are on 
the market, varying in excellence, reliability and endurance. All, 
however, are based on the principle that when one junction of a thermo¬ 
couple (that is, of a continuous circuit compo.sed of two different kinds 
of conductor) is heated while the other remains at a constant normal 
temperature, a feeble electric current is set up which v.aries more or less 
regularly according to the materials constituting the thermo-couple, 
with the temperature to which the “ hot ” jumhion is exposed. The 
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current of course can be measured by means of a delicate galvanometer, 
and the relations between the strength of current and the temperature 



Fid 121{ Lo Chatolirr firo end inserted in oven furnace. 
The indicator is at anv convenient distance. 



Fiu. 124. Brown quick-acting platinum pyrometer, for interniittent service. 

of the jiiiiclion having been determined, the deflections of the galva¬ 
nometer needle may be converted into temperature indications. Owing 
to the “ extra currents ” and other disturbing elements found in pairs 
of most materials otherwise suitaljle for the purpose, and likewise 
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because of the necessity for elements capable of withstanding extremely 
high temperatures, the thermo-couple material must be selected and 
manufactured with extreme care. Most often, for the determination of 



Fig. 12b. Thermo-couple pyrometer enclosed lu steel tube, and indicating instrument. 


in the best form, to temperatures up to 1(100 degrees C. (2020 F.) and 
even above, for short jjeriods. T.his is considerably above any tempera¬ 
ture required ii! the mr king of tools, 1400 degrees (b (25.50 F.), or there¬ 
abouts, being the highest usually required. .4t these temperatures. 
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however, the fire ends deteriorate with greater or less rapidity, and are 
easily broken afterward. They are, in order to prolong their period of 
accuracy and permanency, usually protected by being enclosed within 
porcelain, fire clay or other heat-rosi.sting material (a combination of 
asbestos and carborundum, in the case of the Biistol instrument); but 
these frequently (u-a<^k and crumble, and it is necessary to check the 
instruments at intervals against standards of known certainty, to in- 



UAD8 TO INOttATINO 
IN«TAgMENT 

Fia 127. Bristol compound fire t'nd. 


sure consistency in the readings, if not accuracy, ft is shown hereafter 
that absolute accuracy, tlmt is, the indicating of the absolute tempera¬ 
ture, is less essential than consistency; and so, if an instrument has 
departed from its calil)ration, the variation being within reasonable 
limit, allowance can be made for this, jn-ovided tlie extent is known. 
When the departure has reached an amount where the indications no 
longer are reliable, of couree the instrument must be discarded. 



Fio. 128. Hoskins pyroinotL'i with exposed cx>uplc. 


Recent Thermo-Couple Developments.— A recent development in py¬ 
rometers of this type consists in making the fire end compound (Fig. 127), 
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only that portion actually exposed to the high temperature being of 
the precious metals. This reduces the expense of renewals considerably, 
while the readings are sufficiently accurate for the present purpose. 



Pio. 129. Hoskinfl atandard firt; end, standard tlmrmo-couple with handle and load.s, and new nlrke! 
abeatb tlujrino-couple otitnplet* The lire end is made of heavy alloy wires twisted and wedded. 


Another development is the Hoskins thermo-couple, which is minle of 
comparatively inexpensive .alloys that withstand the recpiired high heats 



Fig. 130. Application of poker to oven furnace, and Bristol method of 
cold end temperature maintenance. 

apparently indefinitely, while at the same time they are made of wires 
heavy enough to req’dre no protection and to allow of considerable 
rough usage without detriment. The fire end junction being exposed 
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directly to ^he temperature to be measured without the intervention 
of protecting tubes or covers, responds quickly, and there is little or no 
lag in the indication. A modified form of this instru¬ 
ment has one element in the form , of an asbestos- 
wound wire enclosed within and joined to a nickel 
tube which forms the other element. 

Protection of Fire Ends.—It is well enough, and in 
the case of mo.st of these instruments necessary, to 
provide an iron pi])e covering, perhaps of ordinary gas 
pi])e, closed at the inner end so as to form a well, not 
only for the protection of the lire eiul, but to prevent 
unnecessary and often detrimental air currents. 

Cold End Temperature Compensation.—Inasmuch 
also as the correct registering of the temperature under 
observation dc])ends tqion the “cold” end of the 
couple, that exposed to the normal atmospheric tem¬ 
perature .‘ind near the temperature for which the in¬ 
strument is calibrated (\isually about 2h degrees C. or 
75 F.), that end should be out of the ranged! direct 
radiiition of the furnace, or other sources of tempera¬ 
ture variations. The Bristol instrument has an ar¬ 
rangement whereby the cold end is kept near the 
Fla. 131. Section of an ' -n . • • i 

electrical resistance floor; Uiul 111 CUSe Stlll grcuter JlCCliracy IS requii‘e<l 

pyrometi. 1 . than is thus afforded, a compensator is ])laced in the 

circuit to jireserve the calibration i)rac.ti(^ally (correct. Unless the atmos¬ 
pheric temperature varies considerably from that above given (25 degrees 
U.), allowance can be made for it in reading the indicator. This allowance 
is governed by the design of the instrument, and is usually furnished by 
the maker, with tin' instrument. At least one indicator on the market 
utilizes a multiple scale whereby the allowance is made automatically 
Iry reading the scale nearest corresponding to the atmospheric tempera¬ 
ture, as shown by a mercurial thermometer provided for the jrurpose. 
Theoreticiilly the temperature of the cold end should be at zero; and 
in laboratory work, and in certain industrial operations where much 
refinement is necessary, an “ ice bobbin ” is utilized for maintaining 
this condition. In ordinary industrial ])rocesses, such as steel hardening, 
where the length of the elements is sufficient to allow the cold junction 
to be moderately near the limits already indicated, the slight variations 
due to this cause may be disregarded. 

Electrical Resistance Pyrometer. —The resistance type of electrical 
pyrometer is also used to some extent in hardening high-speed steels, and 
for all temperatures below 850 degrees C. (1600 F.) is perhaps the most 
accurate type, suitable especially where a very open scale is desired. 
It depends for its action upon the variation in the electrical conductivity 
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of a platinum wire or foil, according to the temperature to which it is 
exposed. This variation is practically constant, and when measured 
by an indicator constructed on the principle of the Wheatstone bridge, 
can be easily reduced to temperature units — or most usually, read off 
directly on a temperature scale to which the indic-ator 
has been calibrated. The indi(ai,tors and recorders are 
cumbersome and much more expensive than those for 
thermo-couple pyrometers of the same range. The 
latter are better adajjtcd to measuring higli spimd steel 
hardening temperatures because the rcsist.'iuce iustru- 
namts will not stand exposure to the intense luaits 
required, except, for very short pci’iods, the maximum 
for such short periods even being only 1200 degrees (’. 

(2200 F.). For that matter, it is desirable that neither 
kind be exposed unnecessarily; and especially when 
enclosed in jiorcelain or similar ])rotective cylinders 
they must be. luaited up rather gradually. The fire 
ends crumble and deteriorate rapidly enough with 
careful usag(u Besides being unsuiled for continued 
use at tem[)eratures above S.')0 degrwis C. (1000 F.), 
the cost of the resistance (ire ends, as well as of the 
indiraitors or re(s)rders, is very mmdi higher than th.at 
of the thermo-couple type. 

Water Current and Uehling Instruments.— Two 
otlior pyrometers Iwivc been useil in eoniioftion with 
luirdeniii^ lnjj;h-R])eed tools, with j'ood results ~ the water eurreiit and 
the Uehling pneumatic. The latter of these, however, is very expensive 
and has no particular advantage over the electric instruments already 




described. Both have all nou-platinum parts which are exposed to the 
fire, cooled by the circulation of water through or around them. Their 
accuracy and i)erinanency, therefore, is much greater than that of most 
other forms of fire an<l temperature gages. 

Fire-End Deterioration — Optical Pyrometry.— The deterioration of 
the fire ends is the we.ik point in most pyrometers of that type; and 
to obviate the difficulty instruments have been devised which do not 
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require having any part directly exposed to the high temperature sought 
to be gaged. These, with one exception, are of the optical type; and 
all utilize the energy of radiant matter transmitted to any convenient 
distance, in the determination of the temperature of the body under 
observation. 

Mesure and Nouel Pyrometer.—Of all the pyrometers adapted to use in 
hardening operations, the .\tesure and Nouel (Fig. 133) is perhaps the 
simplest, since it is entirely self-contained and has no delicate parts to get 



DB, a smaH telescope with B the eyepiece, E, standard laiup; F, mirror, CCi, absorbing wedges. 

out of order. It utilizes the colored field produced by the jiolarization of 
light from the object observed, and the accuracy of a temperatui'e reading 
or of its maintenance depends upon the judgment of relative colors, very 
much as when the natural colors of a heated object are viewed by the 
unaided eye. For this reason, among others, it is of material assistance 
only in the hands of a skilled operator, and even such an one cannot be 
sure of any accuracy within fifty or more degrees C. at temperatures 
above 1000 degrees 

Photometric Type of Instrtrment.—The IxiChatelicr and the Wanner 
optical, and the Fiiry absorption pyrometer each depends upon a photo¬ 
metric comparison of the relative brightness of the two halves of the 



Pia. 136. Winner option! pyrometer. 

A, Nicol annlyzer; S, bipriem for eliminatioK itnases; D, slit through which images are obaewed; 3?, eye- 
-piece, O 2 , lene for focueing image upon D, 0,. objective; P, d-v prism; R, Rochon prism; 5i, slit for admw- 
sion of light from standard; Si, slit for admission of light from object observed. 

illuminated field, one half receiving its light from the radiant object, 
the other half from a standard source of light forming part of the 
instrument. The Le Chatelier instrument utilizes an iris diaphragm for 
regulating the amount of light admitted from the radiant object, in 
combination with a mirror and a standard source of light of known 
intensity, the light'from the two sources each covering half the field. 
By adjusting the diaphragm until the two halves are of equal bright- 







REOVLATING TEMPERATURES IN HIGH-SPEED STEEL 167 


ness, the temperature can be calculated, or read off directly, from the 
scale attached to the diaphragm. 



Fcrj^ uses a syslem of absorbent wedges for tlie same purpose, and 
the reading is taken in Ihe same way. The Wanner instrument utilizes, 
in combination with the standard source of light, a system of prisms 
and len.scs for polarizing in such a way that by turning the analyzer 
with its attached graduated scale, the two halves of the illuminated 
field, one receiving light from the standard of comparison, and the other 
fiom the object observed, may be made of the same luminosity and the 
temperature then read off at the scale. All the above pyrometers, 
except the Mesure and Nouel, are (piite accurate in the determination 
of relative temiieratures within their several ranges, tlencrally .speaking, 
the possible error is less than one per cent, and in some cases only half 
as great. 

Morse Thermo Gage.—Perhaps the most convenient of the optical 
pyrometers which are accurate enough for use in connection with high 
speed steel treatment i.s the Morse Thermo Gage, made in Kuropc w'ith 
.some slight modification under the name Holborn-Kurlbaum Pyrometer. 
It consists of a tube, furnished with lenses if desired, within which is 
the filament of a small low-voltage electric lamp. In the lamp circuit 
is a rheostat and a imliiammeter.' In determining the temperature of 
a radiant substance it is ob.served through the tube, and the current 
passing through the filament is at the same time so regulated through 
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the rheostat that the filament disappears against the bright surface 
upon wliioh it is superposed. The current used is indicated by the 
niilliatnmeter, and this can be reduced to terms of temperatun!; or, 



Pio. 138. The Monie TberEno (.iage in use. It nmy uUu be used in connection with a portable stand. 
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brightness of filatuent and the object upon which it is superposed, and 
temperatures can without difficulty l)e read with a possible error not 
exceeding two or three degrees With this instrument it is possible 
to ])re;irrange the conditions for the required temperature, to know with 
certainty when it is reached, and to reproduce the same indefinitely. 
For the higher temperatures, say above StK) degrees (b, absorbent glasses 
are provided for reducing the dazzling brilliancy of the field. With these 
accessories the highest temperatures industrially obtainable can be 
read very accurately. 

Fe'ry Radiation Pyrometer.—The hery radiation ])yrometcr combines 
some of the features of the optical instruments, with a delicate thermo¬ 
couple in the circuit, with a sensitive potential galviinometer whose 



Fi«j. 139. rti(li;itiun p\roiuotor Section. 

E, ovepirre; F, IlicrtiiD-ciniplr. roKciivc mirror wi(li jipcrliirc, I), diaphruKm; T, binding posln; 

J'l{, ruck and pinion. 

indications may be re,ad in ilegrees of temper,ature. It is virtually a 
reflecting telescope, the concave minor focusing the radiant heat of the 
object, iiiider ol)sei’\'alion u])on the “ hot, ” junction of the tiny thermo¬ 
couple. Th(' iiistrumeiif is sighted upon the ol)ject and focu.sed by a 
rack and jiinion at flu' siik'. I'here is also a dia])hragm for reducing the 
effective' aperture when the instrument is ])ointed at a very hot object, 
preventing the overheating of the thermo-cou])le. 

Advantages of Optical Pyrometry.—()])tical and radiation jiyrometers 
are entirely se])araf(! from, and within limits may be at any required 
distance from, the source of the heat to be gaged; so that they are not 
at all affected by even the highest temperatures obtainable. Their 
permanence, therefoi’c, and their reliability, are very great, as compared 
with most other fori.i.,,. Dislance, as is well known, does of course 
affect the energy of radiated heat and light waves; but within the limits 
usually necessitated in the kind of work now under consideration, the 
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loss is quite inapjtreciable. Thus it has been shown with a F6ry radi¬ 
ation pyrometer that the temperature indication of a stream of molten 
steel was precisely the same whether the instrument was at a distatn^e 
of three or sixty feet. 

The comparison lights or filaments, as the case may he, where such are 
re(pured, naturally deteriorate somewhat with long use; but even then 



Fig 140 Frry radiation pyrometer lu use 


the falling off in accuracy is surprisingly small. It is of course de.sirable 
that these, like all other pyrometers, be checked uj), com))ared with 
standards from time to time, and kept properly calibrated.‘ 

Calibration for Intended Service.—It must be remembered, in using 
pyrometers of this class, that not ;dl bodies radiate the same amount of 
'energy at similar temperatures, and that there are certain definite con¬ 
ditions under which the indications will be correct for the object observed. 
For the present purpose it is ])erhaps sufficient to point out that an in¬ 
strument calibrated for use in gaging the temperature of a furnace 
interior is not ada])ted, without re-calibration, or, at any rate, without 
taking into account this special factor, for use in investigating the tem- 

‘ The Bureau of Standards, U. S. Department of Commerce and Labor, Washington, 
D C., will for a’modcrate fee test and calibrate temperature gages when delivered at 
the laboratories for that purpose. 
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perature of a tool in the open air. The instrument must be calibrated 
for the intended use. Not only this, but it is necessary to take into 
account that these instruments are based upon the laws of radiation from 
a so-called “ black body,” whether those radiations have a long (heat) 
or a short (light) wave length; aiul that unless specially calibrated they 
will give correct readings only when the object under observation approx¬ 
imates, in its conditions, a “ black body ” — that is, has its reflecting 
power reduced to a negligible mininmni. This is accomplished nearly 
enough, in high speed steel treatment, by observing the tools as they 
lie within a furnace, the temperature of whose fire-clay walls is the same 
as that of the tools, the observation being carried on through a relatively 
small opening in the furnace walls. Under these conditions the contents 
of the furnace no longer are seen as having separate form, their radi¬ 
ation being j)ractically the same as that from the heated walls; and in 
practice, therefore, it is necessary only to sight the pyrometer into the 
furnace — remembering that the conditions are not well fulfilled unless 
the opening through which the temperature is to be gaged is relatively 
small. It is customary, in order to approximate the conditions still 
more closely, to in.sert permanently into the furnace a closed porcelain 
or iron tube or well of considerable length compared with the diameter, 
and to sight the instrument directly into the tube. This, of course, 
when the temperature of the furnace interior itself is desired. 

Responsiveness and Discrimination.—The responsiveness and the power 
of discrimination of the Morse and F6ry pyrometers especially is remark¬ 
able, though ability to determine minute changes of course depends 
considerably upon the jiersonality and skill of the observer. Ordinarily, 
at the higher temperatures, a variation of no more than .5 degrees C. can be 
easily detected. The power of discrimination, therefore, is considerably 
finer than the absolute accuracy, which latter depends in part upon 
factors frequently neglected and, as already indicated, may vaiy from 
one to three per cent at those temperatures. This, however, is a matter 
of comparatively small moment in the hardening of tools, since abso¬ 
lute temperatures are more or less empirical anyway. In this book, 
for example, there are given certain hardening temperatures for certain 
classes of tools. Obviou.sly, however, these temperatures will vary, to 
some extent, with the kind of steel used, and also with the operator and 
his pyrometer, whether that be of the optical or of some other class. 
The important thing is that the temperature gage shall be consistent 
with itself, and that data shall be recorded which will make it possible to 
reproduce with precision the temperature conditions found experimen¬ 
tally to yield the highest efficiency in the particular tools treated in an 
establishment. 

Lag. —It must be borne in mind that, in so far as the methods of py- 
rometry here described are used in connection with high speed steel treat- 
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ment, oi in the treatment of other tools, for the matter of that, the 
temperatures observed or recorded are those of the atmosphere or bath 
surrounding the tools, and not necessarily those of the tools themselves. 
Optical and radiation pyrometers of course can be sighted directly upon 



Fin. 141. How tlip Irmpprafiirr* of iho annealiriK pot interior hiK-s Itehind that of tlie furnaeo. Similarly 
the tfitiperatmo of the interior ot a tool laKH behind that of llie exterior portions. A, tenii>erature 
of furnace, B, of aiuieutinu pot in interior. 

the tools, when contained in a furnace; and “poker” pyrometers arc 
to be had with exj)osed fire ends drawn to fine point,s whicli may be 
placed against the surface of the tool under observation and its surface 
temperature iu that way be measured directly. Such Tiicthods, however, 
are not necessary, and usually are not employed in tool-making. Any¬ 
way, the interior temjierature of a tool could not be deternnned in any 
such manner, for the surface and the interior heat conditions could easily 
be different. It is sufficient to remoniber that time must be given for 
the tool to acquire throughout its mass, or at any rate throughout that 
part to be heated, very nearly the tmnperaturc of the furnace or bath. 
The larger the tool, of course the greater the lag. This is particvdarly 
important in annealing tools packed in bo.xes and the like, in which case 
the lag may easily l)c sufficient to prevent proper annealing, ev'en after 
a long heat. The safest procedure when such work is undertaken is to 
make provision for inserting a pyrometer “ jxikcr ” into the annealing 
box. A pipe well, such as has been mentioned before, is easily arranged 
and answeivs the purpose. Thts would, of course, be so placed relative 
.to the regular fitrnacc well, or some other convenient opening, as to 
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permit inserting the “ poker ” with little trouble and without much 
exposure to the direct^j^at of the furnace itself. 

Selection of a Pyrometer. —The kind of temperature gage adopted in 
a hardening plant will naturally be largely a matter of personal choice 
and the per^sible cost, as well as of the particular work required. 
Where the of the installation is not closely limited it will usually 

be have at least two different types of pyrometer — say an 

opticalWidiation, and a thermo-couple; this not only in order that 
one may be used as a check upon the other, but because of the greater 



convenience of one or the other for certain kinds of work. The optical 
instrument, for example, has been already said to be tinsuited for gaging 
the temperature of the liarium bath, unless specially calibrated for that 
purpose. 

Indication at a Distance. —None of the optical instruments, it seems, 
has yet been provided with an indicator cajiable of being used at a 
distance and automatic in its .action. Such an arrangement frequently 
is very desirable; and where the plant is large, the indicator and switch- 
bo.ard are important features of the equipment, permitting the super¬ 
visor of this work to be informed at will of the condition of any or all 
furnaces in operation. This is easily possilde with the electrical pyrom¬ 
eters. I'iach furnace ...ui be, at small expense, fitted with a “ poker ” 
capable of being .switc''ed into the indicator circuit at will, or connected 
with its own indicator or recorder, as the case may be. In some instances 
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Fjo 8 143 and 144. Pyrometer indicator, switchboard and indicator board showing required temperature 
at each furnace ami temperature found. 

The switchboard is shown below. Turning the proper crank sets the pointer at any furnace front to 
correspond with that at the board. An electric bell is rung at the same time to attract the operator's 
attention. The indicator at the furnace is shown in the upper view. The apparatus is that devised and 
used by the Standard Tool Comr>any, Cleveland. 
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it is desirable that the instrument be in a circuit with an indicator for 
use by the operator, and witli a recorder in the office for the use of the 
supervisor and for furnishing permanent records for future reference. 

A Temperature Regulating System.— A system for observing and 
maintaining tem])(!i’atures in a large battery of furnaces, something on 
this plan, is in u.se in at least one largo commercial tool-making plant. 
Each furnace, of whatever kind, is provided with a thermo-couple 
“ poker,” and all an? wired to a swibdiboard, from which each is in turn 
cut into the circuit of the indicator (a I'ecorder also could be in the 
circuit, if proper provision were made) and its temperature observed 
by the person attending to this. If not at the standard temperature 
recpiired in the work then in hand, that is to say, if more than five 
degrees off, a crank is turned which at the same lime indicates the 
temperature ui)on the board above the gage anil upon an indicator 
board ])laeed immediately in front of the furnace. The operator, 
warned by a bell, notes the teni])erature and regulates the furance 
accordingly. The indicator boards are made so that the center line 
always shows the stamlard temf)eratnre reipiired for the work being 
done. This arrangement does away with the need for separate indicat¬ 
ing instruments for all the furimces, but obviously requires the con¬ 
tinuous services of some one to atitend to the matter of temperature 
regulation aloins It has the further advantage of relieving the furnace 
operator of the distraction occasioned by frequent readings of the pyrom¬ 
eter when he has to do this him.self. In a small ])lant such an arrange¬ 
ment of course is not feasible, and some sinqiler means are necessary. 
In general, one indicator is sufficient for a small i)lant, though it is very 
desirable that a recording indicator be also a part of the installation — 
both, of course, designed and calibrated for the pyrometer used. The.se 
can, if desired, be lilted with alarm cont.acts capable of being set for 
any required maximum and minimum temperatures. The indicator or 
recorder boom, on passing the contact, automatic.-dly rings a bell at short 
intervaks as long as the temperature is outside the limits set. Such a 
device will result in a much closer regulation, usually, where it is neces¬ 
sary to work very near t-o a given temperature. 

Value and Forms of Records. -Records of this sort are more important 
than might at first be thought. It is a well-established fact that any 
operator, w'hether working on high-speed tools, firing a steam boiler, 
or at any other work requiring the maintenance of uniform temperatures, 
will more carefully regulate his furnace and take greater care to preserve 
uniformity if he have a continuous record staring him in the face and 
constantly reminding him of dei)artures from the required standard, 
than he will without .-.uch a .ecord, even if he have an indicator before 
him which can be consulted at will. It is in the study of conditions, 
however, and the determination of those most suitable for the particular 
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Fra. 145. Tliroiid n-funUT m itM raap 



Fig. 146. Bristol laborattiry electric furnace with recording electric pyrometer. A, furnace; B, ice jar 
^ for cold eud,-C, recorder chart; D, rhesotat; E, switch and fuses; F, socket. 
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work in hand — a study which should precede, and upon which the work¬ 
ing out of each separate problem in high-speed tool-making should be 
contingent — that the recorder is most useful and necessary. Take the 
matter of ascertaining the critical point of a given steel, which should 
by all means (if not already certainly known) be done before under¬ 
taking to make tools from it. The curve can, of course, be plotted from 
frequent readings of the indicator; but it is much more conveniently and 
accurately made liy an automatic recorder, which is dependent upon no 
personal equation of the observer. The ro(a)rd so made (there should 
naturally be more than one, to insure precision) then serves as a basis 
for subsequent heat treatments. The form of the record is not very 
material, though one with rectangular co-ordinates (Fig. 145) is more 
conveniently read than one with curved co-ordinates (Fig. 146). The 
latter form usually is simpler in its mechanism. 

Ascertaining Critical Points.—The ciitical ])oints of a steel can be 
easily ascertained by heating it in an ordinary furnace suitable for 
hardening, though it is fre(iuently more conveniciiit to do this in the 
office or laboratory with a sin;ill electiic or gas furnace. The former, 
all things considered, is the cleuni'st ami most, conveiuent. It can be 
connected to an ordinary lam]) socdset at the o])erator’s desk, if desired. 
The pyrometei' “ ]ioker ” for use in determiidng the recalescent and 
decalescent (critical) points, whatever the furnace used, is preferably 
of a special foi'in, whi(di may be insertcMl into a hole drilled into the center 
of the specimen ])iece of steel and firmly held there, or flattened so as to 
be clamjied tightly bet.ween two ])ieces of the steel, these being held 
together by dogs or screws, preferably the latter, .\ recorder is not 
only more convenient in connection with this apparatus, but, as already 
pointed out above, is almost necessary in making a jiermanent prelim¬ 
inary record for fului’t! refm’ence. 



CHAPTER XTII, 


SOME MISCELLANEOUS OKSIOU'ATIONS ON THE MAKING 
OF HIGH SPEED STEEL TOOLS. 

Industry and the Scientific Method.—The eollcction and orderly preser¬ 
vation of data as a l)asi.s for .suL.sequent rational deduction and intelli¬ 
gent procedure has long Leon considered essential to scientific method; 
and now it is coming to he ])retty generally understood that the scientific 
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method is also the successful business method, 

whether the end 

sought 


be the perfection of tcc,hni(ad processes or the organization of a business 
system. The preservation of appropriate data as a guide to the produc¬ 
tion of superior high speed steel tools by the simplest efficient methods, 
therefore, should need no arguing. The sneer of the small man in a small 
place, at “red tape” and “overrefinement,” is not nearly so much 
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heard as formerly; and properly so, especially in connection with the 
manipulation of the new steels. The question is not as to the keeping 
of data, but as to the kind to be kept. 

Kind of Data Needful.—Within moderately well-established limits 
the preci.se treatment best calculated to develop the highest efficien(^y 
in a tool intended for a .special piiri)ose is found usually by the “ cut 
and try ” method. It is desirable, therefore, that besides the record 
of the performance of the tool, there should be data, showing the precise 


DlliECTIONS TO TOOLMAKEKS 

1. Lot No. - 


3 Sl«ol_ _ . _ _ _ . 

4. CIjwh of work _ 

fi. llanieiiitig furnace_ 


C. Teinitcraturc . .. 


7. Method ol cooluig... . 


K. 'I'eiii|iorat,ur»-of hiith-- 


9. Method of lohiperiiig 


It). FiiniHoe. 


11 Tetijperalurc-._ - - 

— 

12, Meinoranda 


Completed. . _ _ _ 

— 

(Sigiietli_ 



Kig (‘nril with tlirections, acc<»rnpiii)yiiigor«l<*r for tools. 


conditions in the treatment of the tool while in process of manufacture. 
These conditions are comprehended in the form shown herewith (Fig.147). 
Once definitely known, the conditions can then lie varied from time to 
time, as may be indicared by tue results obtained from the tool at work. 
Obviously when a set cf conditions is found which yield just the proper 
excellence, it is necessary only to duplicate them. These (ionditions 
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will then be definitely indicated in the directions (Fig. 148) accom¬ 
panying each subsequent lot of tools of the kind. It will be understood, 
of course, that there is small value in such data and ilirections unless 
the tool manufacturing plant is equipped and manned so as to take 
advantage of the information collected and furnished; that is, unless 
the plant has a variety of furnaces and other appliances suitable for 
obtaining accurate information as to conditions and for meeting the re¬ 
quirements indicated upon the direction c.ards. 

Hardness Test of no Value. —Time spent in experimenting intelli¬ 
gently — that is, experimenting with adequate appliances, materials and 
data—to fit the tool most nearly to its work, to give it that treatment 
which will produce the highest attainable efficiency in its special work, 
is profitably spent. Of (he elements involved in tool efficiency, hardness 
and temper formerly were considcretl the most imjrortant considera¬ 
tions in design, (amditioris of use being little regarded. The intelli¬ 
gent making of high-speed tools, of cour.se, involves a consideration 
of all these, and of other elements, giving to hardness or temjier its 
appropriate place. The (extreme hardness of many of these tools has 
frequently led to the inference tluit a tool had been ])roperly treated if 
only it came out very h.ard, so hard that a good file would not “touch” 
it. It has lieen shown elsewhere that hardness is no ceituin test at all 
of the efficiency of a high-speed tool; that while extreme hardness is 
desirable in certain classes of work (cutting very refractory stock, for 
instance), in others it not only is unnecuissary, but jeerhaps even unde¬ 
sirable. As a matter of f.act, the largest users of the best makes of high¬ 
speed steel find that for many purposes tools do the best work and give 
the most efficient service when soft enough not only to Ice “ touched ” 
by a good file, but so soft that it will “ take hold.” However that may 
lie, the file test for high-speed tools is quite valueless, even in those 
ciises where it is desirable that the degree of hardness be determined. 
Such tests, to lie of value, wovdd rciquire that the files used be absolutely 
uniform in temper. Even the best of files, however, vary more or less 
in temper and hardness; and a tool pas.sed as hard enough when tested 
by one file, might easily fail to pass the test when tried by another 
presumably of the same temper. 

There are now available several pretty accurate tests for hardness, 
none of which (for reasons just assigned) are of much practical value in 
making high-speed tools. The only real test of such a tool is the work 
it will do under the best practicable conditions. The best conditions 
of treatment once determined and made a matter of record, the same 
quality can be indefinitely reproduced. 

Allowance for Reduction of Size, etc. —The necessity for using larger 
sizes of. stock for high-speed lathe and similar tools is considered else¬ 
where (chaptet' on Design). Usually it is of no particular importance, 
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in tools of this type, whether the stock is exactly sized or not, so long 
as there is enough material to withstand the enormous strains and pre¬ 
vent vibration, and consequently interior and inaccurately sized work. 
In other types of tools, however, as in drills and mills, it is necessary 
to take into consideration, in ordering stock, that an allowance must be 
made for the burnt skin which must be removed in making tools of this 
sort. While the effect on high-s])eed steel is apparently much less 
marked than in the case of carbon steels, nevertheless the long con¬ 
tinued high heat in annealing affects the surface of bars enough to make 
it necessary to remove the same to a depth varying more or le.ss accord¬ 
ing to the size of the bar. In stock above an inch in .section an eighth 
of an inch should be added to the rc'quired .size In l.-irger sizes of stock 
the proportionate allowance decreases ra|ii(llv. 

Shrinkage in Fine Tools.—The allowance for shrinkage in finely sized 
tools during the hardening process, of course, is a, different matter, the 
allowance being very minute, and g(merally unnecessary if the hardening 
be carefully done, ]iarticularly if done by the barium cldoride ])rocess. 
Loss in size almost invariably is the result of exposure to the air while 
the tool is \'ory hot. d'hc loss due to actual shrinkage' is so snndl, ('xcept 
in large tools, as to be scari'ely a|)|)reciable and is usually negligible — 
when treated as just suggesteil. If the hardening is done by the custom¬ 
ary methods a slight allowance is possibly desirable in the case of certain 
tools — say in the arbor holes in milling cutters, the diameter of taps, 
and the like. With care in hardening, even by the customary jmicesses, 
the variation in a diameter of an inch, or thereabouts, will scarcely 
exceed ().(l(),5 inch, and more likely vill be less, though indeed it may be 
as great as 0 01, and even more. It de])ends so much upon the care 
exercised and the method employed. It shoidd scarcely need adding 
that the holes in all mills intended for very accurate work require to be 
ground after the hardening, the mills having lieen first carefully centered 
in a chuck. 

Rough Surfaces — Prevention. - It may be added also that apparent 
variation in the size of tools like threading-tlies and taps, and other tools 
which cannot be ground after hardening, is frequently only the effects 
of the roughening of the surface during the treatment. The barium 
process overcomes this difficulty entirely, unle.ss, as usually is the case, 
it is present before the hardening, (fener.ally this roughness arises from 
the method of cutting the threads or other teeth, as the case may 
be. Such threads or teeth are best, and of course most quickly, cut 
by milling them, lubricating the cutter with thin oil. Next to this it is 
best to rough out the threads with a chaser, as close to size as may be, 
without lubricant; and then to re-cut or finish with a single-point tool 
held in a spring-threat' holder, the threads being kept lightly lubricated 
with very thin oil. To compensate for the slight roughness often present 
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in hi|;h-speed tools of this class, it is customary to give rather more relief 
than in the case of those made of ordinary steel. The increased relief 
minimizes the lodging of particles of steel in the siirface of the cutter 
behind the cutting edge, which, acting as cutters themselves, sometimes 
very appreciably increase the cut. 

Securing Smoothness in Drill Flutes.—hixtreme smoothness is a desir¬ 
able quality in high-speed drills also. It seems inqiossible to ol)tain, 
by present methods of cutting, a smoothness of surface lil<e that obtain¬ 
able in carbon steel drills; and on this account the Ihites \isually are 
polished. If the hardening is by the barium process the polishing may 
be done before hardening, for that process loaves the surface absolutely 
unimpaired. 

Continuity of Structure Desirable.—Though the early method of econo¬ 
mizing in steel by using tool-holder stock rather than making the entire 
tool of high-speed steel, in the case of those tools whose cutting edges 
or points work without intermittence, as those used for t\irning, jdaning, 
and the like operations, is criticised elsewhere, the substance of the 
criticism will bear rci)eating here. \ characteristic of the operation 
of high-speed tools at high s])ia'd is the rapid generation of heat at 
the cutting edge. In the case <if milling cutters and the like tools 
this is of small consequence, bccau.se the cutters are intimately attached 
to a relatively large mass of metal which allows the heat to bo conducted 
away very well. Furthermore, the cutters work intermittently, each for 
a very brief space of time, and tor the renniimler of the revolution are 
exposed to the air and cooled by it. The cutting edges are not allowed, 
therefore, to get excecilingly hot, as is the case with the edge of a turn¬ 
ing tool run at the same speed. It is necessary that the body of such a 
turning (or similar) tool be large enough to conduct away a considerable, 
portion of the he,at generated at the cutting edge; and in order to do 
this effectively the tool must be continuous; th.at is, there mu.st be no 
appreciable interval between the part of the tool which docs the cutting 
and the body from which the heat is radiated for the most part, as there 
is ordinarily when a small ])iece of steel is held in a tool holder. There 
are indeed tool holders which minimize this difficulty; but even the.se 
are not satisfactory in large sizes. 

Welding High-Speed to Carbon Steel.—From the first, methods were 
sought whereby high-speed steel cutting points could be intimately com¬ 
bined with tool bodies of ordinary and much cheaper steels. For the 
most part the methods tried were ineffective. Welding the two kinds 
of steel by the customary method has never been found practicable. 
The reasons are not well understood. The disinclination of the two 
steels to unite probably is due to a difference in their coefficients of 
expansion, that of high-speed steel being relatively low. There is, how¬ 
ever. no trouble in brazing them together; and when this does not 
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involve placing a great strain upon the brazed joint, the method does 
very well. Obviously the cutters are hardened before being brazed into 
place. 

Brazed Cutting Edges. —A successfiil example of such a combination 
is a lathe or a planer tool, Fig. 149, made with practically no forging and 
with-a relatively thin plate of high-speed steel brazed to the front and top 
to form the cutting edge. Ro.se and other form.s of reamers and mills have 



Fio, 149. A planer rouRhinR tool with stock made of machinery Htee! and cuttinK edge of a relatively 
thin strip of hiKli-spced steid hrazctl to the supporting stock. In use regularly in shops of the 
Lodge Sliipley Machine Tool Coiiipuuy. 

been made in a similar way, tin; body of machinery steel being machined 
with recesses for high-speed blades which are brazed into place. Such 
tools have been in nse for .several years and with excellent satisfaction. 
The latter especi.ally are as good as if of solid high-speed steel, except 
when it is essential that they be re-anneale<l or r(^-hardenc<l—which 
need not usually be the case. 

Electrical and Autogenous Welding Practicable. —.<\lmost as soon as 
the new steels made their .appearance the writer suggested and demon¬ 
strated the possibility and feasibility of welding electrically and au- 
togenously a high-.speed cutting point to a machinery steel tool body, 






Fio. 150. Welding a high speed steel cutting end to a machinery steel stock. The parts, the welded 
tool with bur, and the tool with bur ground off, are shown. Courtesy of Thomson Electric Welding 
Company. 

the latter of such proportions, of course, as to give the requisite strength 
to the tool. Such tools conform to the requirement of being perfectly 
continuous, and the weld is practically as strong as the rest of the tool. 
It is feasible to forge the end to any required shape, as if the entire tool 
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were of high-speed steel; and since in hardening only the nose is heated 
to the high heat anyway, the machinery or tool steel body is in nowise 
impaired. The high speed steel part shoidd extend back as far as the 
hardening heat is likely to go. 

Method of Electrical Welding.—The method of electrical welding, as 
used in this connection, is exceedingly simple. The two pieces to be 
welded are attached to the terminals of a circuit of suitable tension, and 
the edges brought together. The resistance to the passage of the current 
offered by the imperfect contact sets up enough he.at to melt the metal 
and forms a perfectly homogeneous junction. The autogenous (oxygen 
or acetylene blowpipe) method is almost as simple. The flame is directed 
into the crevice where the two pieces are brought together, and melts the 
adjacent metal so as to form also a homogeneous joint. 

A Different Method.—.Another method (patented) recently brought for¬ 
ward, somewh.'it resendding brazing, is asserted to give a joint fully as 
strong as the rest of the tool. A thin film of copper is placed along 
the line of the joint, and the parts to be welded .are surrounded by a 
reducing compound and then phuaal in a furnace r.aised to a temperature 
of about 1200 degrees C. (2200 F.). The copper flows freely into the 
interstices and is said to produce actual cohesion between the adjacent 
molecules, making a perfect joint, so strong that a fracture will follow a 
new break rather than pass through the jfiint. 

Availability of Welded Tools.—'I’hese methods are available for all 
classes of tools conveniently made in part of high-speed and in part of 

machinery steel or ot her materials. 
Reamer and mill blades, die faces, 
shear blades, back knives, and the 
like, all are readily welded to sup¬ 
porting forms or backs, and make 
tools quite as efficient as if of 
solid high-speed steel — and gener¬ 
ally much more so than if the 
cutters or fa(tcs were attached by 
screws, bolts, rivets or similar 
methods. Long shank and exten¬ 
sion drills,'reamers, and the like, 
can readily have the cutting parts 
of high-speed steel and the shanks 
of cheaper steel. The processes, 
especially the electrical, are avail¬ 
able also for the repair of broken 
tools, many of which can thus be saved for further u.se. The repairing 
may involve the welding of the broken parts, or the replacing of one of 
them by a new, as may be most expedient. 





Fig. 151. > boring tool repaired by electric welding 
process. Courtesy of Thomson Electric Welding Co. 
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Cutting Bar Stock, Sawing, etc. — Only an expert can nick and break 
high-speed steel from the bar without damage to the structure adja¬ 
cent to the fracture — and even an expert cannot be sure of doing so. 
The only safe way, where the end is to be used for working purposes, 
is to cut the bar. The circular saw is most frequently u.sed, though a 
band saw is preferred for cutting bundles of small stock. Small bars 
can readily be cut in bundles — if held very rigidly. The saws obviously 
should themselves be of high-speed steel. Complaints have been made 
that it is impossible to saw these steels. The complaints probably 
originated in the use of improperly hardened saws; for there is no difficulty 
whatever in cutting them with suitable s.aws. A singular but most 
effective tnethod has been lately employed to some extent. It consists 
in the use of a highly speeded disc of tough steel. When an unused disc 
is first forced against the high-speed steel, the disc does not take hold 
well; but after being run in contact with the high-speed steel for a time, 
it cuts perfectly and rajiidly, leaving a clean, burless kerf. The disc 
may be of any steel tough enough to withstand the tremendous cen¬ 
trifugal and other stiesses set u]5 by the pressure and the terrific speed 
required. ,Iust why such a disc cuts is not sufficiently explained. The 
periphery is usually found studded with jiarticles of the steel being cut, 
and the “ sawdust ” a])pears to be the residt of true cutting. The 
intense heat generated, the dis]ila.y of fiery sparks, the bright corona, 
the roaring attending the disc’s eating its way through the bar — all 
these together are likely to cause some alarm at first. 

Detecting Fine Cracks.—Fine cra(!ks in tools are difficult to discover. 
Fven the micros(^opc often foils to disclose them. Generally they can 
be detected by the very simple expedient of moistening the suspected 
surface with petroleum, rubbing clean, and then wiping off with chalk. 
Some petroleum enters the cracks and afterwards sweats out, moistening 
the overlying chalk. The nature and extent of the cracks are thus 
rendered visible. This frequently is of great importance in testing lots 
of high speed steel tools. 

Re-making Worn Tools.-Tools which have worn down so as to be 
useless can usually, when made of .solid high-speed steel, be forged or 
machined down and worked up into tools of smaller size, if ordinary care 
be exercised. It is necessary always to rc-anneal prior to attempting 
to machine such old tools; and it is desirable also to do it in case of 
forging them to smaller shai)os. In passing, it might be mentioned also 
that re-annealing is desirable after machining and before hardening all 
sorts of intricately shaped tools, in order to relieve any possible machine- 
caused strains. 

In re-forging high-speed tools, whether for reduction in size or merely 
in re-fettling, it is desirable that they be heated up rather slowly at first 
They should not be thrust cold into a very hot fire. 



CHAPTER XIV. 


RANGE OF UTILITY OF HIGH-SPEED STEEL. 

Place of High-Speed Steel in Engineering. —When high-speed steels 
first came n])on the market the reports of their marvelous powers were 
received with incredidous astonishment. To cut steel at the rate of a 
hundred, two hundred, and even four hundred or more feet a minute, 
almost as if it were cheiise, seemed quite beyond the range of probabilities, 
not to say possibilities. Their actual performances, however, left no 
room for doubt that they would play an important part in the machine 
shop within the following few years, as indeed has now come to be the 
case to a much larger extent even than was at first anticipated. 

Extended Utility of the New Steels. —The first high-speed .steels very 
naturally had defects which limited their usefulness as well as their use. 
It was seen very (piickly that while it was possible to remove suqjrising 
quantities of metal, the tools could not be used for fine work, it being 
impossible to produce keen-cutting edges suited to finishing work on 
metal, or to wood-working and .similar uses. From the fact that many 
who are familar with the new steels seem even yet to have the opinion 
that they can be used advantageously only for heavy metal cutting', it 
would appea,r that this characteristic still marks some of the steels on 
the market. However that may be, there has been such improvement 
of the quality, that is to say, of the structure, of high-speed steels through 
changes in their composition and the ])crfection and refinement of the 
methods of hardening and tempering, that thwe is S(au'ccly a >ise to which 
a carbon steel tool can be put where one of high-s])ccd steel will not only 
do more, but in most c.ases better work-provided, of course, the-machinc 
in ^v’hich the tool is used is as well adapted. This may seem a trifle 
strong. There are manufacturers of high-speed steel, however, a number 
of them indeed, who umjualifiedly guarantee to make cutting tools to 
replace any carbon tool whatever with a high-s])eed tool, at a distinct 
saving to the user. However much their confidem^e may l)e justified, 
it has been demonstrated beyond question that high speed steel tools, 
despite the high cost of the material, compared with carbon steel, are 
more economical in four out of five jobs, generally speaking, in the 
metal-working industries, and in even a larger proportion of cases in 
certain other industries where (sitting tools are required. 
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Especial Field for High-Speed Steels.— Obviously alloy steel is peculiarly 
adapted to all operations where it is necessary to remove large quantities 
of superfluous metal, and to machine material so hard as to be quite 
beyond the power of ordinary tools, though it does not necessarily follow 



Fio. Ifi2. Thr nrw stools arc ospt^cially offoctivo in heavy cutting. Chips even larger than these are 
by no means rare in certain .shops. 


that in this sort of jobs it operates at its greatest efficiency, as may be 
seen hereafter. In some shojis of course this sort of work is compar¬ 
atively large; but in the average shop such operations form but a small 
proportion of the work. The real test of the utility of the new tools is 
in their econotnical ai)i)licability to the multitude of ordinary jobs, for 
the doing of which ordinary tools have heretofore served very well. 

Limitations. —It nnist be quite evident that what has been said refers 
mainly to tools used for chitting. There are, however, a good many 
uses, as will be indicated hereafter, where high-speed steel is highly 
efficient in tools of a very different character. For the most part, 
however, it is applicable to cutting tools. It would be absurd, for exam- 
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pic, to make a sledge hammer of lilgh-spee<l steel, at present cost, if 
intended for ordinary use. 

Conditions of Work Affect EfiSciency.— It is important to hear in mind, 
when considering the relative cfiicioncy of high-speed and carbon steel 
tools, the conditions under which they are worked. The latter have 
this adviintagc, under ordinary circumstances, of being used in machines 
designed with reference to their ])articular rnnitations and capabilities. 
The former, however, unless used in nuudiines of the newer types, designed 
and built os])ecially to withstand the tremendous strains and to give the 
extraordinary s])eeds and feeds applicable in the case of high-speed 
lools, cannot in the nature of the ca.se work at their highest efficiency. 
The high-siK'ed tool must be used in a high-si)ecd machine, in order to 
(k^velop its ]>owors and show its relative \'alue as a tool. Under such 
j)roi)er conditions, there can be no q\iestion whatever of the superiority 
of high-speed tools ov(‘r ordinary oiu's, in all cutting operatitms at least. 

Pre-eminence in Heavy Cutting. - In the case of heavy cutting, the 
removal of large (piantities of metal, of course the new tools are pre¬ 
eminent. But the (question may well be asked, why should it be neces¬ 
sary to remove large quantities of metal, except ])ossibly in a few c.iises 
where it is inqxissible to forge or cast nearly to the re<iuircd shape? 
Well, it is cheaper to do it, in very many if not in all cases. Take, as an 
extreme example, the making of a very large crank'shaft. It is scarcely 
within reason, under jiresent conditions in shojis capable of handling 
work of such magnitude as a hundred or a hundi'cd and fifty ton forging, 
to wrn-k such a piece ilown under the press or hammer to the required 
dimensions and form. The forging concludes with a rough approxi¬ 
mation of the finished form and dimensions, apd the machine tool docs 
the rest. ICven the tong-hold or porter bar is drilled off. 

For a long time it has been understood in well-regulated shops that 
when the amount of metal removed is not great, compared with the size 
of the piece, it is much chea])er to manufacture from bar stock pieces 
duplicated in large numbers, rather than first to forge them. Now that 
high-speed steel is available, it is demonstrated that the same thing is 
true where it would be necessary to remove, a great deal of metal. A 
specimen job is .shown in the annexed figure (154). The hatched portion 
shows the metal cut away from the bar stock. It is seen to be con¬ 
siderably greater than that remaining in the finished piece —two and 
a half times as great, indeed; for the weight of the juirt before finishing 
is a little greater than 117 pounds, while after finishing it is but 34J 
pounds, the chips removed weighing a trifie over S2-1 pounds. Even 
with this great waste of material the cost of jiroducing this particular 
piece has been considerably reduced by omitting the forging, and rapidly 
reducing from the-bar with a jiowerful lathe. The milling operation at 
the end is of ('(furse the same as it was when made in the old way. 
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Forging v*. Heavy Cutting. —In jobs such as constitute the ordinary 
run of work in factories, the design of parts naturally avoids, as far as 
possible, such forms as require a great deal of forging or cutting; and 



cases like that just taken are comparatively rare. There is on this 
account usually a good margin l)etween the cost of forging and finishing, 
and finishing directly from stock, in much of the work going through 
any particular shop. 

The Situation as it affects Castings. —In the case of iron and steel 
castings it is about as easy and cheap to mold close to the required size 
as not to do so; and ordinarily there is little, if anything, to be gilined 
by heavy cutting, except in finishing the to])s of large castings where 
defects not infrequcTitly are of such a nature as to require the removal 
of considerable metal. In the case of small castings, or those of unusual 
form, which arc peculiarly susceptible to warping, it is often desirable 
to mold large enough to allow for all possible deformation, and then 
to remove the exce.ss of metal by machining. So also the drilling of 
holes, even large ones, often is more economical than coring and reaming 
them. 

The utility of high-speed tools on cast iron has been questioned, it 
having been widely asserted that the new steels wotdd not work any 
better than carbon tools— if as wejl. Whatever foundation there may 
have Iweii in past experiences to warrant such conclusions, there is no 
longer any ground for doubting the utility of high-speed steel for cutting 
cast or malleable iron. The former has been turned at a speed in excess 
of 200 feet per minute, and regularly for all-day runs at 130 to 140 feet. 
It is no extraordinary performance to take a roughing cut on gray 

iron at 60 feet per minute, and a finishing cut j’jX at 100 feet per min¬ 
ute; though possibly this is not yet a regular thing in shops. High¬ 
speed steels of to-day cut cast iron as freely and smoothly as they do 
steel, though indeed the same speeds are not attainable. 

Basis of Tool Cost, —Even if there be no occasion for heavy cutting 
power, or for increased speed in light cutting or finishing jobs, there is 
a positive advantage in the use of high-speed tools for this purpose in 
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that the cost of tool and tool maintenance is materially reduced. The 
first cost of a tool is usually held to be a matter of high importance; 
whereas it is, except only in the case of special tools when but a few 
pieces are to be produced, only one of several things to be considered, 
and not necessarily the most important of them. The only rational 
basis for computing the cost of a tool is the cost per piece of work snt- 
isfactorily finished. Obviously, then, the first cost may even become 
negligible. A much more important consideration than first cost is 
maintenance cost, which of course depeiuls in large part upon the en¬ 
durance of the tool, which is to say its (capacity for continuously doing 
work accurate within the required limits. The principal con.sideration 
afiecting tool cost, then, is maintenamaq first cost being quite .secondary. 

Maintenance Cost.—To maintenance is ])ropcrly chargeable the time 
required for removing the tool from the machine, ])utting it into con¬ 
dition suitalde for ))roi)er work, grinding or dressing, the time lost by 
reason of the machine being idle, and again setting u]) in the machine. 
Plvidently the longer a tool continues satisfactorily at W'ork, the lower 
the maintenance cost, not only in the absolute, Init relatively to the 
pieces finished; and consequeid.ly the greater the efficienr:y of the tool. 
Considered in this way, there will l)e found few cutting jobs in the ordi¬ 
nary metal-wmrking shop in which high-speed tools cannot show a dis¬ 
tinct advantage. Let us sec how this works out in specifics inst.ances. 

A Specific Case.-—The following data could be dvq)!icated many times 
in their es,sential features, in almost any sho]), and ai'e tlun-efore typical: 

Pcs. per 'I'tjnefor Tofal IV s. First <%>ht t»f Time, 

(Jniulin^, etc. (irinditig, clc. Fini^lietl <»f Toi>l per Hour 

50 5 mill. 1.000 .$0 25 $0 20 . 

300 5 min. 10,000 .75 .20 


lool 

Carbon 

High-Speed 


■From these data the following comjiarisons are drawn ])er 1(H) jiieces 
finished; 


Toni 


Fir^t (lost 


Co.stof 

MHiiiteuaiicc 


'J’ottil (lin^t 


Saving, JJ.-S. 
over ('arl)on 


Carlion $0 02.5 $0 033 

High-Speed 0075 0055 


$0 05K 
.013 


78% 


Putting the result in a different form, the first cost and maintenance 
of a high-speed tool on this particular (but typical) job is but little more 
than one-fifth that of a carbon steel tool — and this without any change 
whatever in speed or feed, the w-hole gain being in the greater endur¬ 
ance of the tool. With an increased speed or feed, or both, of course the 
efficiency would have been still greater. 

Growing Use of Chilled Castings.—There is a growing disposition to 
make use of chilled rather than sand-molded castings for a variety of 
purposes., The difficulty of machining such castings has heretofore 
prevented the extension of their use except in rolls and wheels, and a 
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few other parts where their use could not well l)e avoided. Chilled 
rolls have indeed been turned with the very best of tools and at an 
extremely slow rate; but fvirther than this little has been possible. 
With high-speed tools of proper form it is comparatively easy to rough 
down rolls and similar parts to cylindrical, and even to circular and 
spiral-grooved forms. For reasons not well understood, high-speed steel 
is apparently not so well suited to smooth finishing chilled surfaces, 
hadfield (ni.anganese) tools l)eing customarily used for scraping to 
secure the finish surface, unle.ss this bo done by grinding. The ordinary 
forms of tools are (piite inadeipiate for the turning of chilled pieces, 
and it is necessary to u.se a special form of cutter. 



Fia. 166. The new tools have Riven a stronR impetus U) the use of the milhnR machine in places where 
previouhly the planer or shaper was considered necessary. 


In Reciprocating Machines.—The inherent weaknc.ss of reciprocating 
machine tools, the stopping at the end of each stroke and the return for 
anotiier cut, for some time tended to prevent the use of high-speed tools 
in connection with them. There have been developments, however, 
which make their use in machines of tins class almost it not (piite as 
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desirable as in the case of rotating tools or work. Even if there were no 
advantage gained in speed or cut, the same reasons which make high¬ 
speed lathe tools desiralde, even where increased speed is not desirable 
or attainable for any reason, apply to planer, shaper and slotter tools 
also, though possibly to a somewhat less extent. The time g.ained in 
grinding is somewhat less, though the real tool cost, me.asiired as already 
described, is relatively the same. 

Speed Gains in New Types.—As a matter of fact, however, there is, 
in the newer machine tools of these types, a very considerable gain in 
speed, to say nothing of the po.ssibility of increased cutting power. 
These m.achiue tools, mostly of the r(!cent rapid-stroke and quick-return 
design, recpiii'e high-s])eed tools in order to work at. their highest efficiency. 
A speed of SO feet ])er minute has been attained elTectively, while .speeds 
of 40 to 00 feet jrer minnte on steel are no longer considered remarkable. 
It might be expected that the jar attendant upon the tool beginning a new 
cut after each return woidd very largely increase the wear of the machine. 
This might be true if the latter were lightly built; Imt in the case of 
properly designed and constructed machines the effect is unimportant. 
It is to be remembered in this connection that the power absorbed in 
high-speed cutting is by no means proportional to the increased amount 
of work done. There is more likelihood that the tool will snap off with 
the shock of the impact, though this cannot happen if it be of suitable 
proportions. 

An Example of Rapid Planing.—It is the regular thing in one shop 
to plane certain tough steel forgings under unusually difficult conditions 
at the rate of 40 feet per minute, cut \ X \ inch, and to rough-plane cast- 
iron plates 12 X 2:! inches in six minutes. The finish cut takes half as 
long. All this on a OO-inch planer. .A 24-inch machine of the same 
design has l)een run at a speed which reduc(>d the cost of the job on 
which it is regularly used from HO to S cents ])er piece, at the same time 
increasing the former output of from 0 to 12 pieces to from 40 to hh pieces. 
Such a quadrupled efficiency of course cannot be expected as a regidar 
thing. 

The Case of Milling Cutters. The evident tendency of the milling 
machine and rotary jdaner to supplant reciprocating machines has been 
accentuated by the new stcsels, whose efficiency is not subjetA to the 
same limitations in the form of a rotating tool as in the reciprocating 
form. All that has been siiid of othei' forms of high-speed tools with 
respect to their superif)r efficiency, holds true of milling and other rotary 
cutters, possibly to even a still greater extent. .As with other tools, the 
lasting quality, the decre.ased amount of sharpening required, is an 
important item — more imjjortant even thiin in the case of Lathe .and 
similar tools, because of the high(n' (tost of sharpening. The important 
gain, however, is usually in the greatly increased feed allowable with 
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high-speed cutters. An increase in speed also is permissible; and while 
advantage is often taken of this, the best practice in milling operations 
seems to be to increase feed rather than cutting speed. This on all 
cla.sses of iron and steel. For this reason it is necessary, in designing 
these tools, to allow increased clearance to the cutting teeth and to 



Fki. 157. Rotary planer, which us takiiiK the place of the reciprocating machine in many kinds of work. 
The gam fniin the u.se of high-speed cutters is much more pronounced thanm the reciprocating type, 
whose speed is necessarily limited. 


rediioc their muiilier heh>\v that eustoniary iu carlKHi steel eutters of 
similar size. The design of the.se and other tools is considered else¬ 
where; so that it remains to point out here merely that usually, and 
especially in the case of those mills with narrow faces, inserted cutters 
allow the manufacture of a comparatively inexpensive tool in all diam¬ 
eters over say 4 inches. The body, once made, serves for an indefinite 
number of cutter sets. In similler sizes than that mentioned it is usually 
desirable that the cutters be solid. 

Milling Cutter Efficiency.—A single typical case will indicate the 
efficiency of high-speed milling cutters compared with those of carbon 
steel. On cast iron a inch cutter, 18 spiral teeth, cuts at a surface 
speed of 82 feet per imnute vdth a table travel of 27 inches per minute, 
and mills 6800 linear inches at a grinding. The best results previously 
obtainable under similar conditions were 1800 inches to a grinding, at 
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a table feed of only 15 inches per minute. The carbon tool required 
grinding once a day, whereas the high-.speed cutter runs five times as 
long, finishing about 1360 pieces to the 270 pieces formerly finished per 
grinding. It was possible to reduce the lal)or cost from 11.40 to $1.10 
per hundred piece.s. Besides, there was the saving in the cost of gritting 
amounting to $0.11 per hundred pieces, making the entire saving $0.41 
per hundred ])ieces, or enough to pay for the first cost of the new tool 
in a week’s time. In addition to this, tbo tool itself has an almost indefin¬ 
ite life, outlasting from five to twenty carbon steel tools; so that con¬ 
sidered merely with reference to the first cost and total amount of work 
done, the high-s]) 0 (ul cutter is only one-fifth to one-twentieth as expensive 
as the other. 

Gear Cutters and Like Tools.—Accuracy of form and long life are 
especially desirable, and indeed essential, in involute or gear cutters 
and other formed cutters.' The advaiBage of high-speed steel for tools 
of these types is so evident as scarcely to need mentioning. 



Fio. 158. Typical job of Runsi niillirip wl ctv high-Npr«-d -tt cl tooK pnv The finish t»n this job (cutterw 4" 
and 8" diamcLcr, 00 r.p.ni., tiihlc Iravcrsi* alxiut 1,'" p(‘r nurniti') witliin ihc accuracy limit of 0.001", 
and no hand finishmc i'< lutccuisary m fittiup piecu?. lopethcr. (’ourtesy ('inomnati MiIIidk Macliinc 
('onipany. 


Milling Refractory Materials. —The efficiency of high-speed milling 
nutters when working on refractory material has been repeatedly ques¬ 
tioned. It is safe to say that any such (piestion must be due to unfortu¬ 
nate and unnecessary experiences. Such milling cutters are successfully 
working on material as refractory as nickel-cdiromc steel armor jclate, 
and that at a rate as high as 75 feet (peripheral) per minute. Working 
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on automobile parts even more refractory, high-speed cutters are found 
to last three to five times as long as carbon steel cutters on the same 
work, and do it equally well, while the feed is increased a third or more. 
There is no difficulty whatever in the tools standing up under the work. 
It iij^merely a matter of correct design and proper hardening to meet the 
requirements of the case. 

As to Drills.—Next to lathe tools it is in drills that high-.speed steel 
hixs most fully justified itself. In the up-to-date shop, drilling oper¬ 
ations have been as much changed as have the turning operations. 
Speeds, and more especially feeils, have been increaso<l, heavier machines 
,‘tre required, and multiple work changed from punching to drilling where 
that has been possible. In putting holes through plates, especially 
plates where the distressing of the material involved in a punching 
operation is sought to be avoided, the drill is now taking the place of 
the punch. Sxich ])lates can be stacked, .and the holes drilled as quickly 
as they can be punched — and in some cases oven more economically. 
The result is a better hole, if nothing else be gained. In agricultural 
and other machine castings, when; it has be(;n customary to core holes 
and then ream them out, it is now often less expensive to omit the 
cores and drill the holes fi’oin the solid. The result, generally .speak¬ 
ing, is a more accurale hole, even when there is no direct economy in 
labor cost. 

Efficiency of Small Drills.—It may bo (piestioned if there be any 
considerable economy in the use of very small drills, say under J inch. 
There is not enough inet.al in sizes smaller than this to withstand the 
rough usage which may freely be given larger drills; and with .speeds and 
fi^eds much increased there is likely to be considerable breakage. Never¬ 
theless there have been obtained some striking results with these small 
drills, and they are made for sale down to i inch and less. A { inch 
drill has been run continuously in mild steel at the rate of about 1100 
revolutions per minute with a feed of .00.S inch per revolution, without 
breaking (hnvn, and in grey ir(.)n somewhat faster. The rate agreed 
u])on by common con.sent for carbon steel drills under similar conditions 
is about 220 revolutions per minute with a feed of about .00.1 per revolu¬ 
tion. Stated in terms of ])eripheral speed the ratio is 826 to 176, or 
about 4.,I to 1. The same ratio can be maintained easily throughout 
the larger .sizes also; and when it is remend)ered that the idlowable fce<l 
is practically doubled, it is seen that the aimnint of metal removed in a 
given time is in the ratio of nearly 10 to 1. This looks big, very big. 
The actual econoni'^, however, is not necessarily in propoition to the rate 
with which metal is removed, for the labor cost, as indicated elsewhere, 
is dependent upon a numbei of other factors also—the time lost in 
handling the pieces ai'd in keeping the tool and machines in a state of 
efficiency, chiefly. In operations involving the boring of many sh.allow 
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Fio. 159. In nuiltipio drilling, like that here illustrated, ihe breakage or dulling of one drill means the 
stoppage of the work of a large number of others. The need for long life f>er grinding and for free¬ 
dom from bieakage is obvious. 
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holes and many changes of pieces, therefore,— that is, where the actual 
working time of the drill is short, compared with the whole time devoted 
to the piece,— the chief gain is in the longer life of the tool and the time 
saved in keeping it sharp. 

Cause of Excessive Breakage of Drills—The excessive breakage of 
high-speed drills soinetiines occurring in working on structural forms, 
boiler plates, and similar high-carbon plate work, is not at all necessary. 
It occurs most frequently l)ecause the drills used are not adapted to the 
work in hand. Drills for thi.s purpo.se should have a very tough temper 
and smooth finish, and usually are better if twisted from rolled sto<ik 
rather than milled from the round. 

Another cause for such breakage 
is the imsecure holding of the 
several ])arts or jdates when holes 
are being drilled through several 
members at the same .setting. 

Increasing Use of Flat Drills.- 
In passing it may be of iiderest 
to mention that in many kinds of 
work fiat drills are just as efficient 
as the twist variety ^ in grey iron 
they are found frequently to bo 
slightly more economical. In steel 
forgings the twist, drills are con¬ 
siderably the more efficient, 
however, as may be seen from 
the ac(a)mpanying figure (160). 

Straight-grooved drills made from 
romid .stock are also (luito 
efficient, though not (luite so 
clieap to manufacture as t.he fiat style. Of course the efficient use of 
drills of thes(! forms involves accurate and correct grinding, just as in 
t.he case of twist drills. 

The Case of Rose Reamers.- -Multiple-lipped drills, rose reamers, and 
similar boring tools are iji the same category with diills in respect to the 
ec.onomies to be effected and the manner of effecting them. One con¬ 
sideration, however, differentiates them to some extent. The latter 
ty))es of tools, employed mainly in enlarging or tilling holes already 
existing, take a relatively thin skin of metal only (usually more or less 
chilled and sand-covered), instead of a chip corresponding nearly to the 
semi-diameter of the tool, the metal all being removed by the peripheral 
part of the cutting .,uge only. The tendency, therefore, is to wear the 
outer angle of the tool and to reduce the size. This tendency is pro¬ 
gressively intensified when once the wear has begun, and necessitate.s 








/////■'''/ 


- 1 






Dnlliiie. Total cost per 100 lbs. of metal 
removed per hour. 
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careful watching in order that the grinding may he frequent enough to 
insure not only accairaey, but efficiency. The advantage,s of a tool that 
will hold an edge for a long time under such conditions is evident. The 
first cost, as in the case of milling cutters, need not necessarily, in the 
larger sizes, greatly exceed that of less efficient tools, since inserted 



Fkj. Ifil. An unu'<iuii !j|x-ciul machine for liiilling a Iftr^e muniter of holt's sinniltanoously m pieces of a 
single kind. Machines o( stich highly siM-cmlizcd type urc' peculiarly adapter! to higli-speetl tools 


blades can be utilizeil almost, if not (luito, as freely as with the milling 
tools. A reamer designed so as to permit the use of the body an inilelinito 
number of times in connection with renewals of the blades, distributes 
■ the first cost in smdi a way that it becomes actually less, and usually 
much less, than that of ordinary tools. 

High-Speed Hand Tools.—In connection with drills and reamers one 
is reminded of the stock joke concerning the man who bought a high¬ 
speed bit for use in ratchet drilling and who was disajqiointed because it 
did not cut any faster than those which he had been accustomed to 
use. The joke has now quite lost its point, for the new steels are coming 
into larger and constantly increasing use in hand tools. The gain of 
course is not in greater cutting speed, but in the longer life of the tools 
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and the greatly lengthened time during which they can be used without 
re-grinding. A flat drill, for example, has drilled, as a regular thing, some 
1500 one-inch holes per grinding in the webs of 80-pound rails, as against 
about 50 holes drilled by a carbon steel drill — a gain in efficiency which 
practically eliminates the (a)st of grinding in this case. In other in.stancea 
that could be cited the gain has been twice, and even three times, as 
large. 

Hand Files and Hand Reamers.—'I'he high-speed steel hand file also 
seems an anomaly. It is, however, an actuality, and seems to justify 
itself in that it lasts some four or five times as long on steel and iron as 
an ordinary one will, and after that is still suitable to use on brass and 
other soft metals. Such fikw rarely break; and this is no small additional 
ailvantage. 

In hand reamers and the like tools there is an advantage greater still; 
foi' these arc customarily used for accurate sizing, and their life is limited 
to the time during which they retain their size within the required limits 
of accuracy, kiveii when made capable of slight expansibility, the life 
of a carbon reamei' of this class is short enough. The (piestion may 
well be asked, in vii'w of the very great siqieriority of the reamer made 
of high-s]iecd stia'l, what jirotits it to use the former at half the cost 
when the life of the latter is ten U> twenty times as long? 

Considerations Affecting Threading Tools. 'Hie same considerations 
which affect small drills likewise affect small thremling dies, ta))S, and 
similar tools. If left hard enough for the most rajiid cutting, the small 
eiittiug points or edges are too brittle to stand iqi to the work. I’roper 
hardening (say by the barium jirocess) and tenqiering, however, entirely 
obviate this ilifliculty if the design is at the same time slightly modified, 
as ]K)inted out elsewhere. The cutting speed is of course less than 
would be possible if the highest heats could be used in hardening. Tajis 
•as small as Ts inch have been used under these conditions at an efficiency 
ten to fifteen times that obtainable from carbon tools. In automatic 
luachines tlu; time lost in replacing dulled (nitters is one of the important 
items which can be materially reduced by the use of the new steels. 
The bi’eakage, of taps is even less than with the old tools, if they have been 
properly treated. 

It does not seem necessary to consider at length other varieties of 
cutting tools comi)arable to those already mentioned, cxee])t ])erhaps 
cutting-off s.aws and the like. The former, in action and efficiency, 
are affected by about the same considerations as those previously con¬ 
sidered. 

Sawing Operations.— between the hack-saw blade of r)ld, and the best 
cutting-off saw made prim to the application of high-speed steel to 
such use, there is a difference, to be sure. But all tools of this class 
have been lamentably inefficient. The high-speed steel hack-saw blade, 
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now considerably used, of course much outlasts the ordinary sorts in 
both hand and power sawing. The latter mode of cutting, however, is 
itself very inefficient and is properly l>eing displaced by high-speetl band 
and circular saws. The l)aiid saw, until recently thought impracticable, 
if indeed not impossible, is undoubtedly the most efficient for sawing 
high-speed steel itself, and likewise is highly efficient for sawing all other 



Fio. 162. High-speed cold saws are used not only for cutting structural and other forms, but for slotting 
operations. These saws are also suited for hut sawing. 


kinds of iron and steel structures and forms where the nature of the ca..se 
l)enuits its use — as often it does not. In those ca.ses the (ircular 
saw comes into play with a high efficiency. This of course doe.s not 
cut metal as it it wei’o wood, but certainly at a rate somewhat in keeping 
with present ideas of expedition. 

Inserted Tooth Saws.-- Narrow-fa(^ed milling cutters have heretofore 
been used, for the most part, in high-speed sawing. It is now possible, 
however, to obtain saw plates of a considerable diameter. iSuch ])lates, 
in sizes above, say nine or ten inches, have been rather difficult to mak(^; 
and even now' it is doubtful if it is desirable to \ise them, except possibly 
in special muses. The inserted cutter idea is peculiarly applicable to 
circular saws of large diameter; and such tools are now considerably 
used, not only for cutting off. but for slotting and similar work. A 
special type of machine is recpiired for such work, es))ecially if heavy. 
A number of these are now' available and give promise of takiiig an 
important place in the metal-working industries. A typical case is that 
of a recent machine operating two saws of inches diameter, cutting 
li'V inch.slots. Such an operation would be quite out of the question 
but for the new'steels iind the inserted cutter. 
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In Non-Cutting Operations.—There is a constantly increasing use of 
high-speed steels for purposes which do not involve cutting, in the ordi¬ 
nary sense, at any rate; and in which increased speed is not the end 
sought any more than in the case of hand tools. Among these uses are 
those involving the shearing of metals, including among other tools 
shear blades, punches and broaches, blanking dies, and cutting-off dies. 
The economy in all these cases obviously is entirely in the longer life and 


Fici. 16.J. Tiiidel inserted-tooth cold saw. 

the reduced number of grindings necessary. Unless small, shear blades 
and cutting-off dies rarely are made of the solid high-speed steel stock. 
Usually the custom has been to bolt a relatively thin plate to a support¬ 
ing block; or in the case of heavy work, brazing the high-speed face to 
the backing. The recently developed methods of electric and autoge¬ 
nous welding makes it possible to get practically solid tools at small 
expense for alloy steel. 

Efficiency in Blanking Dies.—Blanking dies, if small, usually are of 
solid high-speed steci; though there is no objection to making them with 
a cheaper backing. Larger dies, of course, always have the face only of 
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high-speed steel. The cost of such a compound tool need not be greater, 
usually, than that of the ordinary kind; and frequently it may be less. 
The question in tools of this sort is that of getting and maintaining a 
sharp, clean sheaiing edge. Otherwise the work is likely to be indiffer¬ 
ently done. Once the edge hixs begun to upset or wear away, the tendency 
is toward a progressive deterioration until it is necessary to re-face by 
grinding. The superiority of high-speed steel in this kiml of work is 
•sufficiently indicated by one example. In blanking sections for agri¬ 
cultural machine knives, 14,000 to 1.5,000 pieces per grinding is con- 



Fid. 104. 11 ijrh H|H-etl is i-speciully crticu'iit in blankinc Jies A pair of dies like this has blanked a 

million pieces. 

sidei'cd average work for a good die of special die steel, while the t<ital 
outi)ut might rcaich 1.50,000 tf) 160,000 ])ieces. A high-si)eed die on the 
same work (l)lanking from 11 to 10-gage polished bands of jnc<lium 
carbon knife steelj produces regularly 40,000 to .50,000 pieces per grind¬ 
ing, and the average total oul])ut is about 1,000,000 pieces - the nwixi- 
mum record for such a die being about 2,000,000 pieces. The saving in 
grinding, thcu'efoi'o, is two out of every three; ami the life of the die aver¬ 
ages that of sonic twenty of the sjiccial steel dies. littk' figuring as to 
the cost of each kind makes a very interesting study under these con¬ 
ditions. Of course the relative efficieiu'y of such dies will vary a good 
deal according to the material and the working conditions; but a sub- 
stanti.al increase in efficiency in practically all cases is certain. 

In Punching Operations.—In punching ojierations, properly so called, 
the same high efficiency may be expected — indeetl considerably higher, 
usually The ordinary punch generally gives out by colla])sing or break¬ 
ing off after the edge has become .somewhat dulled. The increasing 
force reipiired to drive the tool through, that is, to shear off the metal 
removed to form the hole, seems to increase very rapidly the molecular 
fatigue or intensifies already existing internal .strains to such an extent 
that the end\irance limit is sfion reached. In punches made of high¬ 
speed steel the shearing edge wears much less rapidly, and, if suitably 
hardened and tempered, the body longer resists the strains than in the 
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(■use (if onlinary tools, us is indicated by the typical performance of a 
J inch punch working in medium carbon channel iron | inch thick. 
The average life is between 50,000 and 60,000 holes, whereas that of a 
tool steel punch rarely reaches more than 6000 holes. This ratio is 



found 1o b(' (iuil(‘ common. In broaching operations, such as arc usual 
in connection with malleable castings, the cHicieucy is, if anything, 
rather greater. 

Objections to High-Speed Punches, Taps, etc. —The objectiou is often 
made to high-s|K'ed ])unches, as to taps and small drills, that they are 
too bi’iltle The same answer, however, ajiplies, namely, that |)ropcr 
hardening and annealing, to give reipiisite totighness (always assuming 
a properly si'leeted brand of high-siieecl steel, for these dilTer a good 
deal in this respect among themselvt'si, obviates the danger of breakage, 
or reduces it to a minimum. Small sizes of punches, when for use in 
punching thick and high-carbon steel, are indeed rather difficult to harden 
and tempt'r to just the point where the combination of hardtuiss iuid 
toughness is right for maximum performance; and unless this problem 
h.as been well worke,. out i.. connection with the, particular material 
worked tijion, the inc'ease in efficiency will be slight, if indeed there lie 
any at all. In hot punching the gain is considerably greater than in 
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cold, since the temper is not drawn by the hot material, as is likely to 
l)e the case with ordinary punches. For the same reason dies of these 
new steels are especially efficient in hot cutting-off and similar hot work. 

Forming Dies and the Like Tools. —Since the advent of the readily 
worked low carbon sheet steels, working freely in press dies, the dis¬ 
placement of small castings by formed steel pieces has been going on 
apace, and the press-working of sheet metals has come to lie an important 
branch of metal working. In all but the simplest of forming dies the 
wear on certain parts is excessive, compared with that on others; and in 
(tonsequence tlie dies, usually expensive on account of the very narrow 
limits permissible in respect to their accuracy, soon become worthless 
because they have become worn beyond the linnts allowable for good 
work. Even the hardest carbon steel forming dies have a corapara- 
lively short life. This is especially true of embossing dies of intricate 
design. Since the princip.al item of expense in these tools, and partic- 
(darly in enibos.sing dies, is in the highly skilled labor going into them, 
the first cost of the material is of little consequence. Anyway a part of 
the additional cost of the high-speed steel material can be saved by 
merely facing the dies with it, or making Inlays at those places where 
the wear is greatest. In this case greater care in hardening is necessary. 

Place in the Forge Shop. —In the forge shop also the new steels are com¬ 
ing to claim an important place. Much that has been said of forming 
.•ind embossing dies applies to drop and hot-press dies also. It is cheaper, 
that is to say, to use the more expensive material in the first place than 
to pay for the more frequent renewals necessary if ordinary steel is used. 
Whether because of some difficulty in hardening to a sufficient depth, 
or Ixicause of the drawing of the temper by the hot work, or for some 
other reason unexplained, drop and similar dies subjected to concussion 
frequently siid< under the severe pounding which they receive, accentu¬ 
ating the effects of wear. High-speed steel dies do not seem to be 
subject to this failing. In the heading machine, and other hot-pre.ssing 
operations also, high-speed steel dies show a relatively long life. The 
excessive wear and the liability to drawing the temper when made of 
ordinary steels and thus still further reducing the effective life, suggest 
the advisability of discontinuing entirely the use of carbon steel for such 
purposes and the substitution of some form of the new alloy steel, whether 
properly designated high-speed or not. The possible exception is the 
case of those dies subjected to such tremendous pressures, as in cold¬ 
heading very tough stock, that the die blocks often split. Wherever it 
is a matter of resisting wear and maintaining size, the new steel clearly 
has shown its title to preference. 

Drawing Dies and Miscellaneous Tools. —In no case has this been more 
notable than in such operations as wire drawing, and also in cold draw¬ 
ing. One of the chief difficulties always is the maintenance of a uniform 
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.size in the rod or wire pas,sing through the die. If the material is excep¬ 
tionally hard and accurate sizing is essential, the difficulty is serious. 
An alloy steel die often outlasts thirty or more ordinary ones. A sim¬ 
ilar efficiency is frequently found in snap dies used for riveting of all 
sorts, especially in pneumatic rapid blow tools. Chisels used in the 
same kind of tools, and those u.sed in file-cutting, also have a high effi¬ 
ciency, in spite of the often repeated assertion that high-speed steels are 



Kus. Die for drawing down lead covering over table. 

not suited to iools of this sort and to aTiy operations involving continued 
concussions It is possil)le that tlieir efficiency is not so marked in these 
ca.ses; and undoulttedly in certain conditions there is likely to be small 
or no gain in tlieir use. Nevertheless high-speed cliisels and hammers 
are in successful and efficient service in sucli difficult work as riveting 
and trinuning boiler plates, and chipping and hammering castings. 
Even a hand hammer of high-speed steel has been used to advantage in 
the latter kind of work. The efficiency depends a great deal upon the 
particular work required. Uiupiestionably the main reason why many 
tools for similar jniqioses have not lieen made of the new steels, to any 
considerable extent, has been the high cost of material. This reason no 
longer holds, since it is feasible to provide almost all sorts of tools with 
high speed steel wearing surfaces or cutting edges at small expense. 

Limitations of High-Speed Tools. If, then, high-speed steel has been 
found well suited to all these uses (as indeed it has, and to many others 
also), what are its limitations? (km all tools be profitably made of the 
new steels? By no means —yet, anyway. But in the machine and 
related shops, working in iron and steel, it seems probable that it might 
be so. It is certain that the men who have given the matter the most 
(aircful attention very generally are of opinion that there are compara- 
tivelv few uses in such shops where high-speed steel is not practicable 
and economical, though possibly few would care to go to the extent 
proposed by the superintendent of motive power of one of the largest 
American railways, wiio j)ro])Osed to scrap the entire outfit of old tools 
and replace them with suitably and economically designed high-speed 
tools for finishing jobs as well as for ordinary work. 
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About Finishing Cuts. —Whiitever may have been the case with the 
early kinds, the as.sertions yet often heard to the effect that high-speed 
steel is unsuited to finishing cuts are mostly twaddle, based on insuffi¬ 
cient exi)erieiice and upon experience with improperly designed or 
treated tools, or tools used in machines unsuited to the work in hand. 
1‘ilaboratc theories have iieen advalu^ed to aiaiount for the lack of finish¬ 
ing quality in the.se steels — which lack does not exist, in good grades 



Flo. 167. SlittiiiK kiiivcH for sheet metal cuttinK. 


at any rate, if in any. It is no uncommon experience to take finishing 
cuts (one cut only) from the bar at a high speed and leave a surface in 
every vise satisfactory and with an accuracy within 0.002 of an incli. 
In .some sliops finisliing cuts arc taken at a speed as higli ;is 200 feet ])<>r 
minute, the feed being rather fine; and ;I0 to .50 feet is common practice. 
'I’he tools ami the machines, however, aie jmoperly designed a,nd adai)ted 
to each other, and the former are liardened and tempered approju'iately 
to finishing work .Milling cutters are very widely used for the finest 
kind of surfacing; ami that at considerably inenarsed speeds or feeds - 
generally the former where especi.ally goo<l surfaces arc reciuired. 

And High-Speed Shaving Tool- -The .ability to hold a keen edge, such 
as is presu])poscd where finishing (Hits are coma.u'iieil, has been facetiously 
reforro<l to in connection with high .s])eed st(‘el razors, wherewith the 
busy man might indulge in high-speed shaving — the hoj)c being also 
facetiously expressed that in this case the depth of cut be not unduly 
increased. Whatever may be the humor in such a situ.ation, it is said 
to be a fact that'certain “safety” razor blades of exceptional edge¬ 
keeping quality arc made of high-speed steel. Occasionally also one 
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comes across a knife, or otiier cutting tool, not intended for use upon 
metal, of the same material. One of the severest tests of keen edge¬ 
holding quality is paper cutting; and high-speed knives in paper-cutting 
machirfes are not to be compared with carbon steel knives in this respect. 
The same thing is true of other kinds of work that could be mentioned — 
in wood-working especially. 

In Non-Metal Industries.—Allention has been so concentrated upon 
the use of high-speed steel in metal-cuttiug o])erulions that its utility 
in other and perhaps unrelated industries lias been all but overlooked. 
Now that'it. has been demonstrated beyond question that high-speed 
cutters are highly efficient in wood-working and other besiiles the metal 
industries, it seems very jirobable that, as the writer predicted some 
years ago, there will shortly be as great a revolution in these as in metal- 
cutting industries. I'irst used for wood-planer knives, high-speed steel 
is already largely employed for almost all sorts of wood-w'orking cutters; 
and there is every rea.sou why it should be used still more largely. 

Efficiency in Planing and Forming. The cutting sjieeds obtainable 
with the ohi tools, aiiplied to wood-cutting, have seemed already toler- 
•ably good. With the new sti'cls, however, the feeil (the rehu'ence now 
is t.o surface and form cutting) can easily be doubled and a much better 



Fifj. lf)S. liack kuifc for woodwork. Back made of aoft steel. HiKh-apeed steel l)!ade riveted on. 

finish obtained at the same time Sixty feet a jiiinute, as wood workers 
know, is considered a very higli fe(al in planing and the like operations, 
and half as much is more nearly the avenigo in most shojis. With high- 
speeil cutters a feed of a hundred and more feet is entirely practicable, 
regardless of the kind of wood — hard or soft, it is a matter of indifference 
to the knives. And the finish obtaineil has very little resemblance to that 
suceesstion of ridges and depressions, the knife marks to which we have 
been so long accustomed. It is, on the other hand, smooth and satiny, 
more nearly comparable tf) the surface left by the sander or the hand 
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plane. Forming cutter heads show the same characteristics of smooth 
finish anil possible increased feed. 

A Case in Point. —The knives are able to cut faster because they 
retain a keen edge better and longer, and can actually be givenNharper 
cutting edges than is permitted to oarlion cutters, in wliic.li hitter a very 
keen edge cannot be expected to stand up to tlie work for a satisfactory 
length of time. The edges, in all kinds of wood cutting, hohl up re¬ 
markably, a.s may be seen from a ty])ical instance. In a certain job of 
cutting dowels from very hard maple sticks, an ordinary cutter could 
not be made to work longer than half an hour without re-lioning. Even 
then it was nece.ssary to set up tlie knife several times in order to get 
tlie dowels properly sisieil. A high s])eed steel cutter easily runs thirty 



Fui 109 hollow mill.s showing u high offioiency. 


hours without sharpening, and at the end of that time is in excellent 
condition, apparently able to run considerably longer without any need 
for .setting up. This is an efficiency of over sixty to one in the matter 
of sharpening alone, saying nothing at all of a ])ossible increased rate 
of cutting. In most wood-working jobs, sawing among the rest, the 
tools easily keep their edges from three to ten or fifteen times as long as 
the ordinary ones. The saving of time under the.se conditions is very 
evident. It is the more marked also since the tools can be readily 
designed so as to permit shar])cning without removing the cutting blades 
(in tools of this type) from the heads or revolving holders. 

It scarcely need be added that the cutters, as far as jiracticable,. are 
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most economically made composite, that is, in the form of holders of 
iron or ordinary steel provided with thin cutting blades suitably clamped 
in place. 

Cutting Soft Metals.—The question has often been raised concerning 
the economy of high-speed steel in cutting brass and metals other than 
iron and .steel; and most usually it has been said that there is little if 
any advantage. This is by no means the universal experience, for i)i 
certain shops they are used with a distinct saving on brass cutting; 
while in working other metals, as bronze and (Jerman silver, the saving 
in grinding is very marked indeed. An experience in milling German 
silver pieces is indicative of the many others. A high-speed cutter is 
in better condition after milling .5()()() of a certain jnece than is a carbon 
(Uitter after milling only 100 of the same piece. 

Tools Subjected to Abrasion.—Though apparently but little used for 
such purposes, outside of the metal-forming and shearing jobs, as already 
indicated, the new steels have lieen found efficient in a great variety of 
other operations involving heavy wear or .abra.sion. .Among these are 
the drilling and surfacing of rock, marble and building stone generally. 

Not All Steels Widely Adaptable.—In conclusion it should be pointed 
out that there are liigh-s])eed steels, and still yet high-speed steels. And 
while it is quite true that such steel is available and efficient in all the 
processes just indicated, and in many others as well, it does not nece.s- 
s.arily follow that any one brand is adapted to all these several uses, 
Indeed, most of theni are not, though a very few seem to be of a com¬ 
position which adapts them surprisingly well to a \'ery great range of 
work. Others are more particadarly adapted to certain kinds of opera¬ 
tions; and still others seem to l)e altogether inferior. 
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CONDITIONS OF MAXIMUM EFFECT. 

Bringing Together Tool and Work. —Besides the two things ordinarily 
considered in bringing together a tool aiul a piece of work, namely the 
nature of the tool, and the form of the machine adajited to its most 
efficient application to tlie work to be done, there is a third (ainsideration 
fully as important as tiiese, and not at all rarely more so; and that is the 
pro])er Ininging together of the tool and the piece to be worke<l. The 
form and type of machine liy whicli such a relation is established of 
course is determined largely liy the form of the tool selected and the 
nature of the work to be done; ami in respeitt of tliis it is necessary to 
say littl(! here, tliough it may be pointed out tliat tlie new steads have 
enipliasized very strongly Ihe (endimcv away from l■('(a|)rocating machine 
tools and toward those in which either fool or work rolales. 

Effect of Multiplex Adjustments. — Unfil lately (and ai)i)aret!tly yet, 
to a considerable extent) the ])i’imarv end in machine design has been 
to secure facility; and to satisfy this reriuirement, movements and 
adjustments have been multii)lied in standard machines until the tool¬ 
holding and apjilying metdianisms have not infre(|ueutly been made 
more mobile than rigid. The need for rigidity in the tool and work 
relation has been well enough recognized, though possibly lost siglit of 
at times. In the new conditions imposed by high-speed tools rigidity 
and solidity are imperative. They are conditions without which there 
can be no such thing as efficiency. Hence it is of first, importance that 
t<K)l and work be brought together with the least possible intervention 
of parts and joints, and at as short a distance from the bed or frame of 
the machine as may be. Fortunately, as cdsewhere shown, the; large 
use of jigs and fixtures, in general manufacturing at any rate, makes a 
great variety of adjustments superfluous, and it becomes possible to 
have tool-holding and work-holding devices simple and rigid. 

Chatter. —Such a rciquirement is necccssitated not only in order to insure 
a finish of the specified excellence, but from (considerations affecting the 
life of the tool as well. At the very best the tool and its supports, to¬ 
gether with the other parts intervening between work and tool, .and 
serving to hold them in projier relation, are in the nature of a spring 
under tension while cutting is taking place. This being so, it follows 
that with every variation in the pressure rtjron the fool end of the spring 
there is a corresponding variation in the tension, and consequently there 
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is a tendency toward vibration. The phenomenon of chattering, as 
seen in machine tools too light for the work to be done or too much 
worn to insure smooth running, is well enough known. But it is not so 
well known that under the very test conditions more or less vibration 
stilt is present, even in such tools as thills, reamers, milling cutters, and 



Fig. 170. Roughing cut, locomotive tire turning. The conditions were excellent, 
but vibration is clearly evident. 


the rest. The usual opinion is that there is no (juivering if no chatter¬ 
ing is heard and no vibration felt. The investigations of Dr. Nicholson 
have proved not only that pressure oscillations are always present, but 
that there is a definite relation between them and the character of the 
chip removed. A little study of the nature of chips, and the sur- 
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face left by a tool, especially when very heavy cuts have been taken, 
shows the same thing conclusively. This is clearly shown in the accom¬ 
panying illustrations of locomotive tire turning. Figs. 170, 171 and 172, 
one showing a roughing cut, a second a finishing cut, and a third the 
chips roughed off. In the doing of this work the conditions were made 
as nearly perfect as possible, and the lathe used was of a type and build 
to prevent doubt as to its rigidity. 



Fia. 171. Tread of loeomoiive tire after finishing. 
Note eorrugations indicating vibration of tool. 


Lateral Vibrations.—It is seen that corrugations left by the tool, Fig. 
170, and serrations or waves found upon the top of the chip. Fig. 172, 
have a rather regular recurrence and form. The same thing may be 
observed in «)ther illustrations showing c.hips, whether the latter be large 
or small. It is apparent also tliat vil)rations take place laterally as well 
as perpendicularly to the lip of the tool; and the Nicholson experiments, 
already referred to, have sliown that the wave-like variations in pressure 
at right angles to the finished face correspond very closely with those 
resulting from the thrust away from the face and therefore perpendicular 
to it. .Not that these two (and more than likely also quiverings in other 
directions, especially in the line of the feed or traverse) are distinctly 
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separate. They are, as may be seen in the illustrations already referred 
to, combined into one resultant, which gives to the cutting eiige of the 
tool a movement approximating the arc of a circle. 

Minimizing Vibration.—The importance, in respect of the finished 
work, of reducing this vibration to the lowest tertns is obvious. It is 
no less important to the life of the tool itself, for it is this to a very large 
extent which destroys the cutting edge, and necessitates more or less 
frequent grindings according as conditions are more or less excellent, 
tinder ideal conditions the tool would practically sharpen itself, while 
working, and its cutting life would accordingly be greatly prolonged. 



Fig. 172. ChipH taken lu turning loeoiiiolive with eondition.n as well arranged as possible. 


Inasmuch as this prolongation of the life (that is, the lengthening of the 
time during which a tool will do its maximum amount of work without 
necessitating re-grinding) is one of the most important factors in the 
use of high-speed tools in general manufacturing, it is necessary to 
work the tool under those conditions which are most favoriible to the 
accomplishment of that object in the highest degree. A brief inquiry 
into the nature of the cutting operation, therefore, is in order. 

Action of Ordinary Cutting Tools.—A wood-cutting tool works with a 
.sort of splitting action. The sharp edge is forced across or through the 
material, which is then pushed apart by the faces of the thin wedge behind 
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the cutting edge. The fibers thus are separated and a crack is opened 
which tends to precede the edge of the tool a greater or less distance 
according to the sharpness or bluntness of the cutting angle and the 
tenacity or brittleness of the material being cut. .\s the tool advances, 
the tendency is for the shaving to break, split, or shear as it is l)ent 
farther and farther from the straight, until perhaps it cpiite separates 
from the preceding portions. In cutting across the grain of wood, say, 
this is seen very clearly. Now in the case of the Hartness “ sharp edge ” 
tools and method of metal cutting the action seems to be very similar. 
The e.sscntial difference lies in the absence of fiber in the material cut, 
so that there is a sort of shearing of the chip as the cutting progresses, 



Fiu. 173. How a wood-outting trool acts. 


instead of a splitting apart of the fibers. .Since all the flanks of such a 
tool ride against or are pressed upon by either the chip or the stock left, 
and the tool itself is free to move witrhin a slight range, the cutting 
edge tends to sharpen itself and there is very little tendency foi- it to be 
broken off or to crumble away by any lateral movement, as is the case 
with tools of the ordinary form. 

Theory of Metal Cutting.—The .action of a cutting tool as customarily 
designed and u.sed, though in some re.spects similar to that described, 
yet differs in important respects. While the cutting p.art of such a tool 
is in the form of a wedge, and acts a good deal like one in first entering 
the metal, after the chip is once fully started the action is rather that of 
tearing away the chip from the mass of metal and scraping the rough 
surface left by the chip, the chip being the while broken or sheared into 
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smaller or larger sections, as the case may be. Certain observations and 
conclusions with reference to these phenomena were published some 
time ago by the present author. Since that time Mr. Taylor has 
published’ further and amplified observations which cover the ground 
so thoroughly that his words are here quoted at length, with .some slight 
adaptation. 



“The enlarged view of chip, tool, and forging shown, Fig. 174, repre¬ 
sents with fair accui'acy the relative proportions which the shaving cut 
from a forging of mild steel (say 60,000 pounds tensile strength and 
33 per cent stretch) finally assumes with relation to the original thickness 
of the layer of metal which the tool is about to remove. It is of course 
impossible to determine accurately the extent to which various parts of 
the chip and forging close to the tool are under compression and tension, 
but in general the theory advanced is believed to be correct. 

' “On the Art of (\itting Metals,” by Mr. Fred \V. Taylor; being bis presidential 
address at the opwiing of the annual meeting of the American Society of Mechanical 
Engineers, December, liiOi; Published by the Society. Practically all references 
and allu.sion8 to Mr. Taylor’s work and conclusions are based upon this address. From 
it also are taken the illustrations to which references are made in the quotation, as 
well as a number of others. 
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Distortion of Shaving. —“ The thieknes.s of the layer of metal to be 
removed is indicated on the same enlarged scale as the rest of the figure 
by L, Fig. 174, between the dotted line and the full line representing 
the outside of the forging. It will be observed that the chip is in process 
of being torn apart and broken up into three sections, between whicjh the 
shearing action or cleavage has progressed to a greater or less extent 
according to the distance from the cutting edge. It will bo noticed that 
the width of the seedions is at their bases about double the thickness of 
the original layer of metal removed, and that their upper portions are 
not enlarged to the same extent. These sections are about three times 
as high as the original layer. It should be clearly understood that the 
dimensions of the sections will vary according to the hardness of the 
metal being cut, and also to a certain extent with the angles of the cutting 




. Fio. 175. How liard and woft chips bear upon Ihc lip surfaro of tool. The soft chip rovers a much larger 

ar(*a of the lip surface 


tool. The harder the metal being cut, the less will each section of the 
chip be enlarged, fti other words, if the same shaped tool be used in 
each case, the chip from soft metal conies off very much more distorted 
than that from the harder steel. This explains why the total pressure 
on the tool has but little relation to either the hardness of the metal 
being cut or the attainable cutting speed. 

Explanation of the Figure.—“ The chip bears on the surface of the 
forging, say, from point// to point// (Fig. 174), and through this distance 
is under constant compression from the lip surface of the tool. This com¬ 
pression is transmitted through each of the sections 1 and 2 of the chip, in 
the direction indicated by the arrows, to the upper portions of the sec¬ 
tions, which are still unbroken and which act like a lever attached to the 
upper part of section 1 to tear that section away from the body of the 
forging, .as indicated at point 7’i. The tearing away of section 1 is 
assisted also by the pressure of the tool upon its lower surface. After 
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this tearing action has started, the further breaking of the chip into 
independent sections would seem to that of simple shearing. It 
should be borne in mind that in shearing a thick piece of steel the whole 
piece is not shorn or cut apart at the same instant, but the line at which 
rupture or cleavage takes place progresses from one surface through 
the metal until within a short distance from the other surface, when the 
whole remaining section rather suddenly gives way. In shearing steel, 
the metal at the point of rupture is pulled apart under a tensile strain, 
although on each side of the shearing line it is under heavy compression. 



Fia. 176. Structure of wide and relatively thm chip. Cut from armor plate. 


Shearing Action.—“ As each of the sections of the chip successively 
comes in contact with the lip of the tool, its lower surface is crushed and 
the metal flows out laterally until it becomes about twice its original 
thickness or width. As in all shearing, when the full capacity of the metal 
for flowing has been reached, it tears apart under tensile strain from the 
body of the adjoining metal of the forging. The compression on the chip 
from the tool continues, however, and the chip continues to flow and 
spread sideways at a part farther from the tool surface, say at the points 
marked F. In the same way shearing continually takes place along the 
left side of the jmrtmn of the chip which is flowing or spreading out side- 
wise. There is no ipiestion that shearing takes place constantly along 
the left-hand edges of two of the sections at the same time, and'it is 
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probable that this action occurs most of the time along three lines of 
cleavage. 

Maximum and Minimum Pressures.—“ Dr. Nicholson’s dynamometer 
experiments show that the pressure of the chip on the tool in cutting 
a chip of uniform section varies with wave-like regularity, and that the 
smallest pressure of the chip is not less than two-thirds of the greatest. 
From this it is evident that shearing must be taking place along at least 
two lines of cleavage at the same time; since if each of the sections into 
which the chip is divided were completely broken off before the tool began 
to break off the following section, there must be times when there would 
be almost no pressure on the tool. 



^hearing of Chip at Three Points.—“ It is at first difficult to see how it 
tan lie possible for the chip to be shearing at two or three places at the 
same time. It should be noted, however, that above the points Ti, T^, 
and Ti the metal of the chip is still a solid part of the forging, and moves 
down at the same speed as the forging, in a single mass or body, toward 
the lip surface of the tool, and with sufficient force to cause each of the 
three sections of the chip to flow or spread out at the parts indicated 
by the three letters F. According to the laws governing shearing, rupture 
or cleavage in each case must take place as soon as the maximum possi¬ 
bility for flowing has been reached, and in each case shearing must occur 
at the left of the zone where the metal i,s flowing. It is probable that 
after the shearing action has progressed in section 3 to about, the point 
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indicated by Tj, the whole of this section gives way or shears with a 
rather sudden yielding of the metal from T 3 to the upper surface of the 
chip. It is this rather sudden shearing which undoubtedly causes the 
wave-like diminution in the pressure of the chip indicated in Dr. Nichol¬ 
son’s experiments. 



Flfl. 179. How (he chip in removed — milling CuUincr ed(?e of blade not under heavy preasure. 
Courtesy (»f Tabor Manufacturing Company. 



Fig. 180. Chips milled from a utecl forging. Courtesy of Tabor Manufacturing Company. 


Chip Tom from Body of Work.—“ It would appear that the chip iW 
torn off from the forging at a point appreciably above the cutting edge 
of the tool, and that this tearing action leaves the forging in all cases 
more or less jagged or irregular at the exact spot where the chip is 
pulled away, as shown to tlie left of 7'i. An instant later the line of the 
cutting edge, or more correctly speaking, the portion of the Up surface 
immediately adjoining the cutting edge, comes in contact with these 
slight irregvdarities and shears off the lumps so as to leave the receding 
flank of the forgjng comparatively smooth. Thus in this tearing action, 
particularly in the case of cutting a thick shaving, while the cutting edge 
of the tool is continually in action, scraping or shearing off or rubbing 
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away these small in-egularities left on the forging, yet that portion of 
the lip surface close to the cutting edge constantly receives much less 
pressure from the (^hip than the same surface receives at a slight distance 
beyond. This allows the tool to run at a higher cutting speed than would 
be possible if the cutting edge received the same pressure as does the 
lip surface close to it. 



Fia 181. i>oine "sawdust” and a sawed surface. 

Evidences of Tearing Action.— “Tlierearc many phenomena which 
indicate this tearing action of the tool. For example, it i.s an everyday 
occuirence to see cutting tools which have been running close to their 
maximum speeds and wliicli have l)een cutting for a considerable length 
of time, guttered at a little distance back from the cutting edge. Fig. 
182. The wear in this spot indicates that tlie pres.sure of the chip has 
been most severe at a little distance back from the edge. 

“ Still another manner in which the tearing action of the tool is in¬ 
dicated is the ease where a small mass of metal is found stuck fast to 
the lip surface of the tool. Fig. 183, after it has completed its work and 
been removed from the latlie. When broken off, however, and care¬ 
fully examined, this mass is found to consist of a great number of small 
particles which have l)een cut or scraped off the forging as above de¬ 
scribed, by the cutting edge of the tool. They have lieen pressed down 
into a dense pile of compacted particles of metal stuck together and to 
the lip.surface of the tool, almost as if welded. In the case of modern 
high-spe"*^' when tiiis little mass of particles is removed, the cut- 
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ting edge of the tool is in most eases found about as sharp as ever, 
and the adjacent lip surface not infrequently shows the scratches left 
by the emery wheel from the original grinding.” 




Fkj. 182 Cultiiig cdKt'Miill hut <lco|>»!:rc>()V(‘ worn 
or Kuttmul in tlip lip surfacr by tho presaureof the 
chip. 


Kni. 18:} Small particles of the chips 
scraiicd ftoin the forRing and pressed 
inP> .1 eotnpjiet pile upon the hp Bur- 
fuce of the tool. 


Difficulty of Machining Cast Iron.- Tlii.s iHM uliarity in metal cutting 
seems to explain vvhy it is not possible to machine cast iron and other 
brittle materials as rapidly as steel and other tenacious substances. 
In the latter case the chip is split off from the main body with a line (d 
cleavage extending some distance ahead of the cutting edge, and tending 
more or less to follow the direction of the cut; whereas in the former 
case the brittleness of the material tends to prevent the line of cleaviige 
advancing much, if any, beyond the cutting edge, while at the same time 
its direction tends imuiedia'ely toward the surface of the chip rather 
th.an in the direction of the cut. In consetpieru’e the edge of the tool 
has a great de.al more work to do, scraping or shearing off the relatively 
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much greater amount of material left behind by the chip in breaking 
off from the main mass. The tendency, therefore, is for the edge to wear 
away rapidly. 



Fid. 184. 'I’ypical cbiptt made in cutting cast iron. 


Wear of Tool in Steel Turning.—In the case of steel cutting, say, the 
major part of the work falls upon the well-supported lip surface back 
of the edge, the distance deiiending upon the nature of the material 
and the feed or depth of imt. The rubbing of the chip tends gradually 
to wear a depression or jut into the lip surface, the form and place vary¬ 
ing according, among other things, to the nature of the material being 
cut and the rake of the tool. It the cutting speed and its concomitants 
are such as to generate a great deal of heat which cannot be conducted 



1 * 1 .;. 18 .^. rhe linr rt/> indicatft. the rake or slant which in thia particular case would allow the tool to 
work at Its greatest efficiency, for it is the slant established by the abrasive action of the chip itsalb 
1 he dotted line indicates what would be the ideal tool in this case but for other considerations. 


awgy rapidly enough to keep the tool below the temperature where 
softening takes place, the lii> surface quickly wears away along with the 
softened cutting edge. When, however, the temperature of the cutting 
edge and the adjacent parts is kept below the softening point, the abra¬ 
sion of the lip surface takes place gradually and rather uniformly, the 
tendency being to form a hollow whose front surface forms a sharper 
angle with the clearance flank of the tool, and therefore gives a sharper 
cutting angle to the tool as it approaches the edge. As this angle be¬ 
comes still smaller the cutting edge has less and less support, and tends 
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■ to wear more and more rapidly, or to crumble away under lateral vibra¬ 
tion. This latter, together with the quivering in the line of the cut 




Fio. 186. Tool run at such l»»gh speed as to 
be rumed while cuttiog. 


Fio. 187. Wear on tool ruD at proper speed. Tool 
still in good condition. 


already referred to, subjects the cutting edge to a succession of blows, 
which tend to break it over some¬ 
what as is the case when a piece of 
wood is scraped with the edge of a 
freshly l)roken glass, Immediately 
the edge becomes nicked, be it ever 
so slightly, the whole of it very 
rapidly goes down, generally by reason 
of the increased heating attendant 
upon the rubbing of the damaged 
part against the work, instead of shearing away the material as 
before. 



Fiq. 166. Spalling of 
tool point by down¬ 
ward pressure of 
chip. 


Fiu. 189. Spalling of 
tool point by pressure 
on clearance flank due 
to feeding tool into 
the work. 
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Problems in Metal Cutting.—Assuming timt the machine and the tool 
and work holding devices are as rigid as possible, three other problems 
are involved in this condition: How' to reduce quivering to the irredu¬ 
cible minimum; the development of practical maxima in cutting speeds 
in connection with methods for cooling or hibricating tools; and the 
establishment of definite cutting life periods (times after which re-grind¬ 
ing is to take place) for the tools. 

Pressure Variations and Chatter.-—It may be well here bo point out 
that what is ordinarily called chattering is not at all the same thing as 
the wave-like variation of pressure upon the tool while cutting, though 
the latter may, and often does, cause or develop into the fortjier. If it 
were possible to obtain absolute rigidity, the variation in ])ressure would 
bo of no consequence, so bir as the effect upon the tool or the work is 
. concerned; but this, .as already ])ointed out, can be approximated 
merely, and that under the very best conditions only. In considering 
the best forms for tools (see Design of High->S])eed Tools) it is shown 
that the wave lengths of the quiverings vary somewlnat according to the 
thickness of the shaving, and that if a round-nosed tool be used so as to 
take a chip whose thickness varies jirogressively from zero to the maxi¬ 
mum, the tendency is for the vaiious waves to tieutrclize one another; 
while, on the other hand, if the cliij) bo taken straight and therefore of 
uniform thickness, the pressure variations e.'isily are convertetl into 
actual movements of the cutting end of the tool, with bad results to 
both tool and work. Of course, even with round-nosed tools (and 
these are by no means available in every case) the ]Mess\ire waves exist; 
and •sometimes it becomes a problem, especially if other conditions can¬ 
not well be brought to the point re(juired by highest efficiency, how to 
mitigate the evil. Particularly in taking light cuts, if there is any 
possibility of the work or of the machine springing even a little, the 
tendency will be for the tool, es])ecially if a little dull, to jump out of 
the cut and to ride 11)1011 the unfinished surface more or less. This some¬ 
times will happen to a sharp tool as well. The consequences to the tool, 
saying nothing of the work, are evident. .4n cxjiedient which is likely 
to help some is to modify the clearance angle of the tool slightly, so as 
to permit it to ride uiion the finished flank of the jiiece o])erated upon, 
the cutting edge or extreme point being-at the same time elevated very 
slightly above the center line. 

■ Effect of Increased Depth of Cut.—In taking such a thin chip all the 
work falls very close t(.i the cutting edge anyway, and quivering is all 
but certain to cause the ruin of the tool in a very short time, thus occa¬ 
sioning frequent grindings .and much loss of time. The paradoxical 
alternative is to give the tool more work t(j do — that is, to increase the 
depth of cut, and perhaps also the feed, dffiis will have a tendency to 
put the tool under stre.ss sufficient to take up all the slack in the circle 
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of parts extending from the point of the tool through the holding devices, 
machine frame Or bed, and piece worked upon. It may in this case be 
necessary to decrease the speed somewhat, though this will depend 
upon the length of the cut and a number of other contingencies. Recent 
investigations seem to indic^ate that increased speed has somewhat the 
same effect as increased <lepth of cut or feed, in prolonging the life of 
the tool. 



Change Necessary in Size of Pieces.- Increasing the depth of cut, 
under the conditions indicated, oliviously involves a change in the size 
of the piece to be machined. In the case of castings notliing is gained 
by excessively close molding, and an ample margin to allow a good depth 
of cut can just as well be left as not — unless possibly in small shops 
purchasing castings by the pound, where the loss in t\irnings might 
perhaps exceed a gain such as ]>ointed out. In steel forgings or bars 
turned down this mfitter of the cost of the turnings may well be con¬ 
sidered, though oialinarily it will be found good practice to allow ample 
margin in any case. Unne(«ssary excess of size obviously is to l>e 
avoided also, since it involves merely the useless handling of material 
and absorption of power at the machine. In finishing malleable castings, 
it is to be remembered also, the tough or steely portion lies in and adja¬ 
cent to the surface, forming a skin, so to speak. If this is removed to 
any considerable depth, the casting loses much of its strength. It is 
quite safe, under ordinary cinnuustances, to take a finishing cut of ^ 
inch on malleable ca.-'Ungs', and this is sufficient to allow the tool to 
take a good hold. Unless they should be cpiite large or so peculiarly 
shaped as to be especially susceptible to warping or likely to be badly 
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cored, the same depth is sufficient in cutting gray iron castings. Unusual 
conditions, of course, may necessitate a greater allowance. 

Relation of Cutting Speed to Chatter.— There seems to be some evidence 
that, other conditions being as carefully arranged as possible, the cutting 
speed has something to do with chatter. No extended investigation seems 
as yet to have been made of this circumstance; though it is known that 
while under a given set of conditions as to rigidity, cut, speed, and the 
like, there may be no chatter sufficient to l)e particularly harmful, yet if 
the speed is materially increased chattering will occur.' The quivering 
becomes the more important also as the cutting speed is lowered. The 
importance of this phenomenon suggests the need for a careful inquiry 
into the causes and nietho<l.s of prevention, and in the meantime of 
taking note of it as a possible element in fixing speeds. 



Fio. 191. Corrftct method of supporting tool. The dotted lines show the ordinary method 
of support with too much overhang. 


Overhang of the Tool.— The need for extreme rigidity in holding the 
tool to the work lias been allmled to. This eondition very obviously 
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TmI with Bottom QrooDd 

Figs. 192 anti 193. Properly and improperly ground 
tool bases. Exaggerated to indicate clearly the 
elTect of inattention to this important detail. 


involves, along with other things 
previously considered, a minimum 
overhang of the tool with respect to 
its support. Likewise it involves 
correctly formed bases in both tool 
and support. The lack of attention 
to this detail is no doubt responsible 
for much trouble. The tool base 
can of course lie left moderately flat 
in forging; and some attention sliould 
be given to this point. The safe way, 
however, is to grind the ba.se true. 
The nature of the trouble is indicated 
by the accompanying illustrations, 


' Although Mr, Herbert’s investigations, already referred to above, seem to indi¬ 
cate that under certain conditions increased speed tends to increase the endurance of 
a tool; whence it might be inferred that chattering would he reduced. Those inter¬ 
ested are referred to Mr. Herbert’s presentation of his “cube law” (cutting speed 
varies inversely as the cube root of the product of the feed by the area of the cut) at 
page 1063, Amer’lcan Machinist for June 24, 1809. 
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Rgs. 192 and 193, in which the unevenness of the tool base is greatly 
exaggerated. 

Conditions Common to all Tools— All that has thus far l)een said 
with respect to vibration and chattering applies with substantially equal 
force to all forms of (mtting tools, and to those made of carbon steel 



Fiq. 1U4. 'i'ruinK up a lathe tool batse on a Sellers grinder by use of a supplemental c huck- 


as well as those of high-speed steel. The matter of overhang and 
sufficient support, for example, just mentioned, is fully as important in 
the case of rotating tools like milling cutters as it is in those like lathe 
and planer tools. It is of vit.al importance that the cutter be brought 
as near as may be to the sjundle and arbor bearings (the shortness and 
rigidity of these having been provided for in the <le.sign of the machine) 
and that the diameter of the (mtter be small relative to that of the arbor 
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The diameter of the (fitter beyond tlie iirl)or corresponds approximately 
to tlie overhang of a lathe or planer tool, and the smaller this can te 
permitted, the less the liability to chatter. 

Grinding Rotary Tools.—In rotary tools, too, tiic matter ol accurate 
grinding and keeping sharp edges is possibly of greater im|)ortance than 
in the case of others. .4 milling cutter which has been ground eccentric 
to a very slight amount, for example, is almost .sure to chatter; and the 
more so if run at high speed. The necessity for careful grinding in ma¬ 
chines suitably designed for the pui'pose, therefore, is evident. The sub¬ 
ject is elaborated in another jilace (the chapter on grinding), .and it, 
is sufficient here to ])oint out th.at besides the chattering accompanying 
imperfect grinding of rotating tools, drills, reamers, and the like, the 
unevenness certain to result froiu hanil grinding involves some of the 
lips doing more work than others, t.aking <leeper cuts, and therefore 
wearing more rapidly, and correspondingly shorteidng the life of a grind¬ 
ing to say nothing of tlu' effect u])on the .ai'curacy of the work. It is 
;dto*gether likely that the unfavorable ex]X'riences .sometimes heard of, 
as to finishing surfaces with high-speed tools, are very largely due to 
imuaairat-e grinding or to lack of foresight in ju-oviding against chatter, 
as j\ist showii. 



Fio, 195. How long a tool should run without n*-KrmdinR. 

This diagram shows that, in order to tlo the largt'st atmuint. of work for the lowest all-round cost, a tool 
should be allowed to rut rontmuously without grinding iil lea.sl sevtui tinu-h (he time lost in changing the 
tool, plus the proficr portion of the time for redressing, time for grinding, and tlie tune etjuivalent of the 
cost of the tool steel 


Standard Running Time.—Whatever the form of the tool, it should be 
possible to establish with a good deal of certainty the standard time 
for running, at the end of which the tool is to l)e laid aside for grinding. 
This lime, wl'.ellicr standardized or not, is to be shorter than that required 
for the,ruin of the tool. Th.at is to say, no tool should be run until the 
edge has broken dow'ii, or even begun to break down, but somewhat 
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operator and his marhine, of t!je total time for re-dressing, grinding and setting too!, and the 
tool steel lo^t each time that the tool is re-ground 

From Taylor’s “The Art of Cutting Metals ’’ Table refers to Taylor standard toola. 
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short of it. If the matter i.s left to the judgment of the workman it is 
necessary to observe carefully the approach of the wear on the lip surface 
to the cutting edge, and to remove the tool in ample time to avoid ruin¬ 
ing the piece of work, or more likely both it and the tool. The length 
of time a tool will run without re-grinding, it may be added, is not neces¬ 
sarily a criterion of its excellence; and indeed it becomes one of the 
determining elements only when the tool is actually being run at its 
maximum capacity for speed. 

Lubrication or Cooling.—In the first years of high-speed steel but little 
attention was generally paid to the matter of lubrication or cooling. 
The possibilities of the new tools, as exhibited under ordinary shop con¬ 
ditions and without cooling, perhaps were so far in advance of what had 
been previously accomplished that the possibility of getting still better 
results was overlooked. There is, however, a considerable gain in cutting 
speed to be made through a proper cooling of the tool, or rather of the 
chip at the point where cutting takes place, a gain asserted by those who 
have given the matter attention, to be as high as 3.5 or 40 per cent in steel 
cutting, and from a third to a half as great in cutting cast iron,. On 
many jobs such a po.ssible gain of course is to be taken into account, and 
provisions made for delivering a cooling agent in suitable quantity and 
at the proper place. In the case of many jobs, however, such as abound 
in general manufacturing, especially where the cutting time is brief 
compared with that during which the tool is not working, no lubrication 
is necessary; and indeed in most such (^uses the troublesomeness of a 
stream of water or oil much outweighs any probable advantage. In all 
automatic, and perhaps in most semi-automatic machine operation.s, 
especially if the pieces Ire small, the problem is different, and lubrica- 
.tion should by all means l)e provided, whether the material machined be 
castings or forgings. 

When Lubrication Takes Place.—While the word is in common use in 
this connection, it really is a misnomer to s))eak of lubrication in con¬ 
nection with metal cutting under high-speed conditions, except possibly 
in such work as milling. Water would have practically no lubricating 
effect; and it is quite impossible to force oil or other substance between 
tool and chip in such a way as to do much, if any good, as a lubricant.' 
The purpose of the so-called lubricants in the main is merely to assist 
in carrying away heat from the place where the work is being done, thus 
keeping down the* temperature of the cutting edge and lip of the tool 
below the point w'here softening will begin. In cutting with rotating 
tools, whose cutting edges are most of the time out of contact with the 
metal Ireing cut, some actual lubrication evidently takes place, the 
friction between chip and cutter face being reduced if the exposed 

' Although it js maintained by some, whose experiimec should entitle their opinions 
to weight, that lubrication really is effected to a degree worth taking into consideration. 
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portions of the cutting blades are kept completely wet with oil or similar 
lubricant. At any rate, in milling aluminum a beautiful and clean 
finish is obtainable, there being no piling up of particles of the soft metal 
upon the face of the tool, when paraffine oil is used copiously. This is 
useful also as a lubricant in machining brass. 




FlU. 196. Correct applicalioo of oil or water. 


Copious Lubrication Necessary.—In tlie ca.so of milling cutters and the 
like tools the cooling agent must be su])plied in .such way, by multiple 
nozzles or other device, as to keej) the face of the cutter well covered, 
while at the same lime it falls upon the chip at the jxnnt or line of removal. 
The latter rccpiirement holds particularly in cutting with lathe and 
similar tools when a cooling agent is used. There can be no advantage 
in trying to force a stream under the chip and toward the cutting edge or 
point of the tool, as shown in the illustration. Fig. 196. The stream must 
be directed upon the chip just where it is being separated from the body 
of the piece, and, let it be repeated, in generous amount. The small 
streams customarily u.sed are quite ineffective, exeSpt possibly in the 
case of very light cutting. It is necessary to deliver gallons of lubricant 
where it has been customary to deliver i)irits. The heavy streams serve 
another useful purpose in cases where the chips come off small or well 
broken up, in that they carry or float them out of the way. In drilling, 
for example, it is quite necessary that the stream of lubricant reach the 
bottom of the hole, not only to cool the lips of the drill, but to float up 
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tlie (;hips. In drilling tenacious tnaterial it is better to depend upon a 
feed sufficiently liea vy to allow the chip to come out of the hole in one 
complete piece, if that l)e possible. This is especially desirable if the 
hole be deep. If it does not exceed twice or three times tlie diameter of 
the drill, mere floodinf>: in oil will suffice. It is of course necessary in all 
cases to ])rf)vidp collection ])ans and suitable drainage. 

High-Speed Chip not Unique.—In this connection it may be retnai ked 
that the chip cut by a high-speed tool differs in no essential respect 
from that cut l)y a carbon tool under similar conditions. There was at 
one time much discussion of this jioint, based seemingly upon certain 
superficial differences which arise from the greater amount of metal 
generally removed and the higher speed at wdiich the work is customarily 
done. 



CHAPTER XVI. 


SPEEDS AND FEEDS, AND RELATED MATTERS. 

Variables Affecting Efficiency. —The conditions under wliich metal 
cutting tools work are so various in different estaldishinents, or, for the 
matter of that, in the same shop, tliat, generalizations in res))ect to speeds 
and feeds arc rather difficult, even when jobs .are ])rctty well classified, 
('crtain conditions mupiestionably are fundanietdal; but in the main 
most of them vary to such an e.xtent that confusion easily results from 
attemiits to ajiidj^ definite formulas, in working out standards or in 
a])i)lying them to s])ecific operalions. Mr. T.aylor points out no less 
tlian twelve distiiud variables affecting the efficiency of chip pro¬ 
duction, and indicates their relative’ im])ortance by the ratios between 
the liigher and the lower limits of speed as affected by each element 
witliin the ranges met with in ordinary machine sho)i practice, as follows: 

I The (piality of the metal to tie cut - its hardness or other qualities 
affecting the c\itling s)ieed Projiortion is as I in the case of semi- 
hardened steel or ctiille<l iron, to 100 in the case of very soft low' carbon 
steel. 

2. (’hemical conqiosition of tlie tool and its treatment. Proportion 
is as 1 in tools made from tem|iered caiLon steel, to 7 in the liest high- 
spee<l steel. (Tliis jiropoihion may often be exceeded). 

li. Thickne.ss of the sha\ing, measured liy tlie actual traverse. Pro¬ 
portion is as 1 with thickness of i'’. inch, to 0^- w’ith a thickness of inch. 

4 Shape or contour of the cutting edge of tlie tool, (diielly liecause 
of the inlluence it has upon tlie thickness of the chip. Proportion is as 
1 in a thi’eading tool, to (i in !i broad-nosed cutting tool. 

5. Use or non-use of a cooling or lubricating agent. Proportion is 
as 1 for a tool running dry, to 1.41 for a tool cooled by a copious stream 
of water. 

6. Depth of cut or the amount by w'hich the iiiece is to be reduced 
at the place of taking the chi]). Proportion is as 1’ with I inch depth 
of cut, to l.db with ^ inch depth of cut. 

7. Duration of the cut or time through which the tool mu.st last with¬ 
out being re-ground. Proportion is as 1 w'lien tool is to be re-ground 
every fit) minutes, to 1.207 when it is to be ground every 20 minutes. 

8. Lip and clearance angles of the tool. Proportion 1 w'ith lip angle 
68 degrees, to 1.023 with .ai'gle of 61 degrees. 

235 
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9. Stiffness of tool and work. Proportion 1 with tool chattering, to 
1.15 when running smoothly. 

10. Diameter of work. 

11. Pressure upon the lip of the tool. 

12. Possible speed and feed variation.s in the machine, and its pulling 
and feed power. 

Generalizations Necessary. —The very fact, however, of such a multir 
plicity of factors makes it essential to arrive, if possible, at some generali¬ 
zations, or at least some method of intelligently putting together the 
r’ariables so as to harmonize them and to work for highest effiidency. 
The mere recital of exi)eriences, j)erhai)s useful in a way, serves small 
jmrpose except possibly to show the limits under a given set of conditions. 
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Fig. 197. Barth slide rule embodying the laws deduced by Taylor and his associates. 


Thus there is little .significance in a statement that a certaiti totd cut 
soft steel in a lathe at a rate of 200 feet per mintite. Put if it can be 
shown that under a given set of conditions susceptible of approximate 
duplication in a pretty well-defined group of jobs, a tool can be expected 
to do a certain amount of work, that is to stty, ctin take such and such 
a cut at such a speed, then something is gained, something established 
which may be used as a basis for comparison for all jobs falling within 
the categorv so defined, .htst sttch a .series of laws or formulas Mr. 
Taylor and his associates succeeded in working out <luring the course 
of their investigations, formulas easily applied to the general run of 
jobs by the aid of a simple slide rule devised for the purpose. 

Elements Affecting Economies. —The results accomplished through 
the use of the laws thus established, and the slide rule, have fully justi¬ 
fied thein.selves .And while the work upon which these formulu.s .are 
especiallj' based is in the main heavy cutting, that is to say, the removal 
of relatively largo (piantities of u'.etal from large pieces of stock, they 
and the tables derived from them are to a very considerable extent 
available for geneiail use in connection with the ordinary jobs found in 
general manufacturing; and a systematic use of them is sure to give 
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surprising results. Reductions in labor cost of a half are not rare; and 
a considerable reduction in the number of workmen and of machines 
used is also to be expected in many cases. Such reductions will in large 
part depend, ordinarily, as well upon a numlrer of other concomitants 
as upon the cutting speed. These are elsewhere considered, and it is 
desired here merely to direct attention to them as factors which affect 



Fir;. 198. Barth time elide rule. Used in connection with lathe elide rule (Fig. 197) to determine time 
required for a given feed, cut and speed. 

Those especially interested in the use of the slide rules and the formulas developed for use in connection 
with them are referred to Mr. Taylor's “C)n the Art of Cutting Metals,” and to Mr. Carl G. Barth’s "Slide 
Rules for the Machine Shop as a part of the Taylor System of Management.” published in Vol. 25, Trans¬ 
actions of the American Society of Mechanical Engineers. 

the getting out of product and which, if not taken into consideration, 
may quite nullify any advantage arising from the higher cutting powers 
of the new tools. Such factors are the size of the piece worked upon, 
the facility for transporting and storing it within easy reach of the 
workman, the design of jigs and other holding or guiding devices to 
facilitate rapitlity of handling, the proper grinding of tools, careful 
inspection of parts, and perhaps others. 
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Number of Variables Reducible. —The variables affecting the actual 
cutting, while numerous, can in the average shop be considerably re¬ 
duced, and as a matter of fact are actually so in so far as the operations 
of any partiodar class are concerned. The depth of cut, for example, 
in nearly all cast-iron pieces will be al)out the same for all, unless there 
should be some unusual condition reepnring a different. The standard¬ 
ization of tools eliminates the variaUes resulting from cutting angles and 
contour of cutting edges exce])t in so far as it may bo necessary to use 
different sizes or special tools. Likewise the compo.sition and treatment 
of the tool becomes standardized under well-regulated management, 
and the amount of vibration in macliine and tool is reduced to the 
minimum and tlms also standardized, so to speak The use or non-use 
of a cooling agent also will lie detinitely understood. Tlie amount of 
pressure u])on tlie tool is of so little intiuenc'e on the cutting speed that 
it is negligilile anyway. So that, outside of the factors which concern 
the ))owers of tlie machine, there remain ordinarily but five variants 
to ttike info consideration, namely, the (piality of the metal licing cut, 
the duration of the cut, the diameter of the jiiece (generally negligible) 
in lathe work, the feed, and tlie s|ieeil. In tlie engineering shop, as dis¬ 
tinguished from the general manufacturing slid)) which iliiidicates parts in 
large numbers, of course the variabh's cannot be so readily standardized. 

Taylor Standard Speeds.- The standard speeds worked out during 
the course of the Taylor investigations, given in .Xjipendix F., as already 
indicated presume long and heavy cutting, conditions under which high- 
siieed tools work at their highest efficiency. But as also pointed out, 
this class of jobs forms but a small proportion of those found in general 
manufacturing; and accordingly, for one retison or another, it is .much 
of the time nece.ssary to modify somewhat the standard speeds and cuts 
established for standard conditions and tools. Thus in a case where 
the cutting time is very brief relative to that for the whole operation, 
and the ojierator has all that he can possibly do to take care of the 
product anyway, a very high speed is not only unnecessary, but perhaps 
even undesirable. The, gain in such case would jirobably be mainly 
through the saving in grindings. On the other hand there will be few 
cases, probably, where some speeding up is not only possible but desirable. 
The problem thus becomes so involved that the only safe way is to 
accept the standard speeds, and working from these, establisih specific 
ones which shall be particularly suited to the cases in hand. 

Commercially Practicable Speeds.— What must be ainunl at, generally 
speaking, is the speetlie.sl removal of metal commercially practicable — 
the best speed, feed, and dei)th of cut, or speed and feed, if the cut is 
standard — at which the tool will w'ork effectively and with due con¬ 
sideration, of economical maintenance and the condition of the existing 
equipment; and all this without espeiaid regard to the total amount 
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of metal removed. In order to the attainment of such an end it i.s 
necessary first to get away entirely from preconceived notions as to cuts 
and speeds, so as to be governed by the information available through 
the experiences of others and through data collected in the shop as 
experience is gained in the api)lications of the new tools. 

How Conditions Vary. —The great variations in different shops, not only 
in respect to e(iuii)men(. !)ut also to the material worked u])on, preclude 
either the tallies here given, or tlie standard cutting speeds from wliich 
the Taylor formulas were worked out, being unrc.scrvedly accepted. 
Indeed, they are for the most ]iar(, entirely too fast for ordinary practice. 
The speed curves hero dlustrated. Fig. 199, are also based on experience, 



Fia. 199. Curves used in one establishment for defernimmfi speotls suitable for various feeds and depths 
of t'ut. HI turniiur oiicrafion.s 

For niilliriji opt-rafioiiH ii<l<l .^O per cent lo the uppropnati- apeedp intlii-ateil ubovv, lakiriK rare to apply 
the seleclOfl speeds |o tee<ls lor winch llie\ are suited, l-'or hotingsuhlracl 10 to 40 per cent, and for drill¬ 
ing and reaiiniig, aei* lalih- of drill speeds and feeds at puKO 219. Tlie “small iliameters” refer l.o those 
under 5 inehes 


and have been in salisfactrorv use as a basis for the cutting ojieratinns in 
a large factory for a number of years. In another plant the conditions 
might he (iiiite different, and a different sot of standard speeds might 
have to be worked out. One of the important things in connection with 
a program of maximum |)roduction, thereiorc, is a careful investigation 
into the nature of the material used and the establishment of a set of 
standard speeds suited to tho.se conditions. 

Speed Meter and Slop Watch.— In the investigations and demonstra¬ 
tions connected with the determination of such standards, a stop watch 
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and a speed meter are absolutely essential. A form of the latter is avail¬ 
able by which the speed in feet per minute can be read off directly from 
tlie indicator when the contact wheel rolls upon the moving surface, 
whether cylindrical or plane. The stop watch is best of the kind with 
two liands, one of which can be stopped independently of the other. 
The.se, in the hands of a competent person charged with the determina¬ 
tion of operation time for jobs and able to demonstrate unequivocally that 



fio. 200. Warner cut meter, for 
direct reading of speeds. 
Courtesy of Warner Instru¬ 
ment Company. 


the work can be done in the time set, will 
work many surprises. It is desirable of course 
also that some way be provided whereby the 
workman himself can know certainly if he is 
using the correct speed -that is, in such jobs 
as are not standardized. In such, the proper 
combination once given for obtaining the 
rc(]uired speed, there should be no occasion 
for changing so long as the workman is on that 
particular operation. 

Nature of Variables in Metal Cutting.—The 

variables affecting cutting .speeds, to be con¬ 
sidered in working out such standards, have 
been already indicated. Mr. Taylor has in his 
paper considered .so fully the influence of each, 
and the reasons involved, that it does not seem 


either nece.ssary or dcsii-ablc here to do more than mention briefly the 
nature of those influences. 



Fio. 201. Curvee showing the effect of increasing hardness in material upon the speed permiesiblo to 
a tool, for efficient service. 

100 IS taken as the standard for moderately soft material, and 400 as about the limit of hardness as usually 
bandied in manufacturing. 

Quality of the Metal.—By the quality of the metal is meant its relative 
hardness or softness and other characteristics which differentiate cast 
iron from steel and other metals, and steels of varying degrees of tough- 
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ness from each other. The harder the material, in general, the slower 
the possible speed (note the curves in Fig. 201), this latter varying 
from 10 to 12 feet per minute in the case of chilled iron, to, say, a possible 
500 feet in the case of very mild steel. The latter speed, it should be 
mentioned, is possible only under most favorable conditions and with 
a very fine feed and cut, and is scarcely practicable, commercially. 
Under commercial conditions the quality of material varies so much, even 
in the same shop, and the variations usually are so difficult to detect 
before the material actually is put under cut in the machine, that little 
can be done ordinarily in the way of generalization. Castings, for 
example, which one day come .soft and oa.sily machined, another day 
may come exceedingly hard. Of course in a plant producing its own 
material, such differences can be reduced to a miniihum, if not eliminated. 
Usually, however, because of them, it is desirable to allow some latitude 
to the workman in respect to this nmtter, so that in general it may be 
necessary to fix a standard speed somewhat lower than co\dd l^e advan¬ 
tageously used regularly if the material came through of a uniform 
softness. 

Quality of the Tool.—The quality of the tool involves, of course, its 
composition, which must be a<lapted to the special use or be of a good 
general all-round excellence, and the proper treatment of it in hardening. 
Kvidently a high-grade steel should be selected, and the tools treated 
uniformly for the same service. This will eliminate all need for consider¬ 
ing this as a variable. 

Use of Cooling Agent.- The use of a cooling agent will permit a con¬ 
siderable increase in si)eed.s, as previously stated, ranging from 15 per 
cent or so in the case of cast iron, to 25 or 40 per cent in that of steel. 
It is advisable to calculate upon the use of a (looling agent wherever feas- 
j|)le — tliat is, wherever the <'o.st and annoyance would not overbalance 
the gain. 

Length of Cutting Run. In general work the cuts ai'e short, and thus 
allow the tool to cool ofl' between times. The time during which .such 

TABI.K IX. 

Showing liow much a liigli-speed tool must be slowed down in cutting speed in 
order to have it last a long time without regrinding 

1 

ulnpty by I 


0 92 
0 92 
0 84 
1.09 
1 09 
1.19 


Given Uie proper cut¬ 
ting speed for a cut 
lasting 


20 minutes 
40 minutes 
20 minutes 
40 minutes 
80 minutes 
80 minutes 


ti) liiid tlic for iL 

cut lusting; 

divide liy 

40 niiiiutes 

1 09 

80 minutes 

1 09 

80 minutes 

1 19 

20 minutes 

0 92 

40 minutes 

0.92 

20 minutes 

0 84 


.Adapted from Taylor. 
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a tool will run without re-grinding, therefore, is likelj' to be somewhat 
longer than if it cut continuously. The e.stablishmerit of a standard 
time after whirdi tools in general should be ground is difficult except when 
they are run continuously at maximum speed, and for the most part it 
will be impossible to lay down hard and fast rules for tliis factor. In 
the main it is safe to leave tliis to the judgment of the workman. Kspe- 
cially if he is working by the jiiece or for a premium he will (prickly learn 
to note the condition of the cutting edge and to take care that the tool 
is ground as often as necessary— not grinding tire tool himself, be it 
remembered, but merely setting up a sharp one w’hich he will have at 
hand for that purpo.se. 

Clearance and Cutting Angles.—No imiioi-tant imiirovomcnt seems 
to have been made u])on the Taylor standard tools (though it is well to 
bear in mind what is said elsewhere in reference to the llartness tyjie 
of tool), so that iir the matter of clearance and cutting angles, as well 
as contour of cutting edge, it is wdl to undertake few changes, if any, 
except jierhaps in the case of jobs reipiiring tools of special form. 

Effect of Chatter.—The ])ossibility of any cousiderabh' amount of 
vibration will reduce the attainable cutting speed by something like 
1.') jier cent. The jiurjiose of course should be to ('liniinale this item 
as far as po.ssible through the use of inachiiu's suited to the woi’k and not 
worn beyond hope. In the same connection the jiossible ]iuHing and 
feeding jxiwer of the machine must be considered. If imuleipiate, 
evidently the speed, and more than likely also the feed, will have to be 
reduced to meet the condition. The use of a steady rest is advi.sed for 
all work of any considerable length. 

Depth of Cut Problems.—The depth of cut will, for the most jiart, 
be de])eudent ujiou the class of work done in the shop, and as pointed 
out in another jilace, may need to be increased, a suitable allowance in 
the size of the jiiece being made in this case, so as to overcome chatter 
or riding of the tool. 

Factors Affecting Feed or Traverse.—Traverse or feed will be governed 
to some extent by the jiossibilities inherent in the machine, but a gooil 
deal also by the .surface recpiired. The limitations are rather narrow', 
usually, in a given shop. A round-nosed tool, such as will jiroVi.ably 
be used for most operations, when cutting with a heavy feed leaves a 
correspondingly rough surface. And since probably most of the work 
of the kind now under consideration must be done with a single cut, 
it is necessary to select a feed or travei'se which will leave a sufficiently 
smooth surface. Anywhere from one-sixteenth to one-eighth inch feed 
will do this, uidoss the tool be a very small one. 0))viously the larger 
the curve of the cutting edge, the coarser the feed may be in the case of 
lathe apd similar tools. A variation so great as this would seem to make 
a considerable difference in the po.ssible cutting .sjieed; for this depends 
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Fin. 203. Kolation of erononjinal speed to cut and feed in cut tiiijj cast iron. Botli figurcH 
adapted fr'm S{)eed sheets made by Samuel Osborn & Co., Ltd. 
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upon the feed and cut to a very important extent, as already seen. In 
fact it would, under conditions allowing maximum effects, make a reduc¬ 
tion of a fourth to a third in the speed. As a matter of actual practice, 
however, under the conditions here considered, the speeds will rarely, if 
ever, be the maximum possible, so that a variation of the magnitude 
indicated is of no particular consequence — though of course the con¬ 
tingency of a possible necessity for changing the speed must not be 
overlooked. Obviously the power available must also be considered. 
In milling operations the table traverse or feed has in ordinary practice 
been ridiculously small, just as it has in the case of drilling and similar 
operations; though until recently it has been not far below the possi¬ 
bilities of the machines in use. The real need for giving each cutting 
blade enough work to do to keep it in the metal rather than riding over 
it at times, seems to have teen little regarded. It is quite as necessary 
for the blade of a milling cutter to get a good “ hold,” so to speak, upon 
its work, as it is in the case of a lathe or similar single cutter tool. The 
traverse of course is interdependent with the number of cutting blades 
and the speed of cutting. Alxnit 0.01 inch per tooth per revolution is 
correct for most work, though with large cutters and plenty of chip 
clearance considerably more is allowable. 

Phenomenal Results.—A tool steel vendor reports having obtained a 
speed of 202 feet per minute, \ inch cut and J inch feed, on cast iron; 
a large user of high-speed steels mentions that he has seen a tool running 
for a full hour, on cast iron, at the rate of 125 feet per minute, removing 
scale; and another cutting steel at the rate of 270 feet per minute for 
nearly 30 hours at a stretch. Indeed it has been reported that a tool 
has cut steel for some time at the rate of 500 feet per minute. Other 
phenomenal performances also have been mentioned elsewhere. Now 
all these, and similar performances, are very interesting as showing 
something of the powers of the new tools. But they are not commercially 
practicable. In turning castings, !is they come ordinaril}', 65 to 70 feet 
per minute is as high a speed, with usual feeds, as can be maintained con¬ 
tinuously without too frequent grindings of the tool. Light cuts may be 
taken up to 100 feet. Making allowance for variations in hardness and 
the powers of the machines likely to te used, however, 50 feet is more 
likely to te satisfactory as a basis to work from. This is easily double 
what we have been accustomed to under the old conditions. Light finish¬ 
ing cuts have been taken with a satisfactory degree of accuracy as rapidly 
as 75 to 85 feet per minute, though something rather lower will usually be 
found better on the whole. At these rates the speeds for soft, medium, 
and hard irons would be respectively about 90, 50, and 25 feet; and for 
moderately heavy cuts about 60, 30, and 20 feet. These speeds of 
course .will be modified according to the size of the tool, the precise feed 
and depth of cut, and the rest of the variable conditions. Working on 
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pieces of large diameter, for example, the speeds may he increased 10 to 
15 per cent. This is not only because in such pieces the direction of the 
cut changes less rapidly, but because even in sand molds small pieces 
have a tendency to chill more or less, and the cut in work of this sort 
also being customarily lighter than on heavy pieces, the tool is actually 
working on iron averaging a good bit harder than it cutting on a large 
piece. 

Turning Chilled Iron.—Chilled iron can be turned at anywhere I'letween 
3 and 10 or 12 feet per minute. The rate of cutting is of small con.se- 
quence, since most of the time is used in changing the tool anyway. A 
tool that will hold up at 3 feet will be almost («rtain to do quite as well 
at three or four times that s])eed. It should be remarked in passing 
that the turning of chilled rolls is accomplished by the use of tools of 
special design, ordinary tools being of little use generally. The common 
method is to use a square section of steel for the tool, grinding the longi¬ 
tudinal edges to sharp right angles for (cutting edges, and rigidly wedging 
this unique cutter against the surface of the roll. The tool is not trav¬ 
ersed, but its po.sition is changed e.ach time it has finished a section of the 
roll. For cutting grooves and spirals, the end of the section instead of 
the longitudinal edge is forced into the iron. 

Speeds in Steel Turning.—In steel cutting, spee<ls have been attained 
very much higher than on cast iron. The reasons for this have been 
already assigned. On mild steel light cuts at 80 or 90 feet are not 
infrequently taken, and 100 feet or even more are sometime.s used. 
Taylor’s tables allow 128 feet per minute on soft steel with a | inch tool, 
cut i X I inch. These arc not usually practicable commercially except 
under conditions allowing niaximuin effect. Roughing cuts, say about 
I X inch, with a 1-inch tool, can be taken at a maximum of about 
100 feet per minute on mild steel, while 70 to 75 feet is considered good 
I)ractice. Medium steel, say 3 to 5 ])oint carbon, under customary 
conditions, can be cut at approximately 70 and 50 feet for light and 
heavy cuts respectively, though i-ather less is likely to be more satis¬ 
factory; while hard steel, s.ay 7 point carbon and above, is not usually 
cut Faster than about 35 feet in light cuts (say about J X J inch) and 
25 feet in roughing. 

Cutting Malleable Castings.—In malleable castings 80 feet is about 
all that can be expected on sm.all pieces, where light cuts are taken. 
Heavy cuts, as already shown, are to be avoided in castings of this kind. 
On large pieces the speed may under favorable conditions be made as 
high as 90 or even 100 feet per minute. If a cut .as deep as i inch be 
taken for any reason, the speed will be nearly half that indicated. 

Brass, Aluminiun, and Aiioy Steels. — Speeds for brass and other soft 
materials will be somewhat greater than those suitable in cutting steel. 

The alloy steels, like chrome and nickel steel, now coming into large use 

£ 
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for machinery parts, vary so greatly in characteristics that it is quite 
impossible to lay down at present any general statement as to permissible 
cutting speeds. Aluminum can be worked at about four times the speed 
and double the feed possible with mild steel. 



Fig. 204. Use of multiple loots m lunuiiK ••ast-iruu f<jne pulleys. Speed oi; largest step, 
120 feet per mmutc. 


Use of Multiple Tools.—The use of double or multiple tools allows a 
distinct gain in speed in turning operations. The interrelation of speed 
and feed makes it necessary to reduce the former when the latter is 



Fig. 205. Lathe fitted for rapid roughiug and rapid finishing. 


increased. A single tool taking a chip f inch wide (traverse | inch per 
revolution) must run considerably slower than two tools, each feeding 
at inch per revolution. Doubtless there is some difference in the 
amount of power absorbed; but this is a matter of relative insignificance. 
The advantage of using multiple tools in long cuts has never been recog- 
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nized as it should be. The advantage under the new conditions should 
be evident enough to warrant a large use of them, especially in operations 
involving the removal of large quantities of metal. 

Reduction of Speeds in Certain Operations.— It has doubtless been 
observed that the discussion of speeds and feeds th\is far has been con¬ 
fined for the most part to turning operations. With the possible excep¬ 
tion of milling, where the cutting edges work intermittently and are for 



Fiq. 20(k Multiple tool carnage, as applied to “Lo-Swing” lathe. Sec Fig. 207 for data as 
to this particular job. 


the greater part of the time exposed to the cooling effect of the air or a 
cooling agent, these permit greater speed than any others in metal cutting. 
It is therefore necessary, in setting standard speeds for other kinds of 
work, to make allowance for the variations in conditions — variations 
not provided for in most tables of cutting speeds now available. Inter¬ 
nal cutting with a boring bar, for instance, must be considerably slower 
than external turning of the same diameter. In outside cutting the 
tool may have ample clearance, or it may even ride upon the finished 
flank — a condition impossible in the case of internal cutting. Further¬ 
more, in order to secure a sufficient clearance it is necessary to give the 
cutting edge a more acute angle, or else to give it less rake than that of 
the corresponding s+rrdard tool. Either condition involves a slower 
cutting speed, the reduction being something like 10 to 16 per cent 
if the bar is exceedingly rigid. If not, the loss is more likely to be nearer 
40 per cent. 
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As to Drilling. —Something of the same sort is true of rose reamers, and 
of twist drills also, to some extent. In drilling, little attention need be 
paid to this point, however, since but few machines are now in use which 
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Cutting Time tor ist Operaliomio R.P.M. and J4oFeed 4 Min. 

<• << it aad >< •< “ “ << 3 Min. 

Estimated Time for Cutting in with Tools, Placing Bars, Etc. 6 Min. 

Total Time Required 13 Min. 

Fio. 207. Perforninnoe in rapitl reduction, in irmchine buildini;, by use of multiple tools Courtesy of 
Fitchburg Muchine Works. 

will effectively speed a drill to the limit of efficiency. The most satis¬ 
factory practice in drilling average cfcst iron allows a perijiheral speed 
of about 65 to 70 feet j)cr minute, though under exceptional conditions 
still higher can be used to advantage. The feed per lip per revolution 
may vary from O.OO.S to 0.02 inch, ac(H)rding to the size of the drill and 
the conditions, with respect to rigidity and powering of the machine .and 
the cutting angle, of the drill. It must in any case be heavy enough to 
permit the drill to bring up a good chip; otherwise there is likelihood of 
the latter being pulverized and then .acting as an abrasive to grind away 
the cutting cilges. As with lathe tools working with exceedingly fine 
cuts, a drill will stand a higher speed when taking a moderately heavy 
cut than when taking almost none. The frequent breakage of drills, 
occurring just as the point emerges from the metal and commonly 
ascribed to high speed or excessive feed, really is due to spring or slack 
in the machine; and the remedy is not in reducing the speed or feed, but 
in strengthening the machine. In the great majority of jobs .as at present 
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TABLE X. SPEEDS AND FEEDS FOR DRILLS. 


1 


Revolutions per Minute. 









Feed per 

Size of Drill. 






stcfl. 

Mall 

Cast. 

Brass. 

Tool Steel 

Revolution. 


4015 

1850 

4620 

1925 

4820 

2220 

7650 

3515 

1970 

906 

001-.002 

002-.004 

. 

i- . 

A. 

1380 

1610 

1650 

2810 

675 

.003-.006 

1. 

1040 

1190 

1250 

1970 

506 

.004-.008 

A. 

855 

982 

1028 

1620 

420 

.004-.008 

i.... 

782 

806 

836 

1330 

342 

.005-.010 

•ik. 

604 

688 

720 

1140 

295 

.005-.010 

i.. 

527 

605 

632 

1003 

258 

.008-.016 

i . 

425 

488 

512 

807 

210 

.008-.016 

i . 

347 

410 

420 

666 

173 

.008-.016 

J. 

300 

346 

361) 

568 

146 

.008-.016 

1 . 

260 

298 

312 

495 

128 

.010-.020 

n . 

228 

264 

276 

436 

112 

.010-.020 

u . 

215 

248 

260 

410 

106 

.010-.020 

18 . 

200 

230 

238 

380 

98 

010-.020 

u . 

178 

205 

216 

342 

92 

.010-. 020 

u . 

154 

173 

ISO 

290 

73 

010-.020 

' . 

i:?o 

150 

156 

246 

64 

.010-.020 


This fable i.s bu'^ed on a |»ei ipliorul ‘<pep«l of (iO to Oo foot per in soft stool, in the medium 

iliamotors As the iii.iiinolois (U-croaso. the peripheral speed is incrrjised, this beiiiR jcochI practice. If 
run without lubricant, the spernls should bo rodiicod 15 to 20 jior <-eiil The food is preferably the 
liKhter one Riven, though uiidoi rimkI conditions the hiRher Rives good results. For rose reamers, and 
for tlireadmg dies and taps, about half the speeds indicated are to be used. 


(lone, the lack of positive feodins (kn'ice on the machine makes the feed 
a matter of judfiment on the part of the operator — or, more likely, a 
matter of his strength — with the con.se(pience that efficiency is lost. In 
drilling holes of snudl diameter the feed is all hut certain to he too heavy, 
and the reverse in large size's. It woidd seem more than desirable that 
all machines he fitted up with ])ositive feed devices to insure the best 
results. 

Speeds and Feeds for Rose Reamers.- - Twist drills have amide rake at the 
cutting edge, and thereforo can he run considerahly taster than reamers, 
which latter all hut invariidily have no front rake to the cutting blades. 
About half the speed allowed to drills is usually satisfactory with ream¬ 
ers and similar intermd cutters. In using the table of speeds for drills to 
determine reamer feeds it must he remembered that the feeds given are for 
two-lipped drills, whence it is necessary, in order to get the correct feed 
per rev(dution for a reamer, to take half the product of the feed given 
for the specified diameter by the number of flutes or lips; or, putting it 


rv, X ^ 

another way, —- -- 


required feed per revolution, where F and L 


respectively .are the teed stated in the table and the nundier of cutting 
lips. Concretely this would give, in the case of a 2-inch six-fluted 















260 


HIGH-SPEED STEEL 


reamer, cutting cast iron, the following: Feed per revolution = ^ 

= 0.03 inch. It i.s not a(lvisal)le to use on reamers the higher feeds given 
for drills. This matter is, under ordinary conditions, of greater impor¬ 
tance than in the case of drills, because reamers customarily are used on 
machine.s provided with positive feed, and hence the amount of feed can 
be regulated as it .should be. 

Milling Operations.—The highest practicable speeds in metal cutting are 
obtained in milling operations, though the feeds have until recently been 
absurdly slight. The intermittent nattire of the cut, allowing the teeth 
or blades to cool between times, has something to do with the higher 
speeds permis.sible. (bin])aretl with drilling, the gain i.s something like 
50 per cent. The peripheral speed, at a depth of cut and table traverse 
per tooth per revolution of | inch and 0.01 inch rc.spectively, which may 
be taken as a maximum when working on average cast iron, is about 
00 feet per minute, thougli considerably higher speeds have been main¬ 
tained. The customary speeds are rather lower, esi)ecially if no lubricant 
be used. This l)asis is rather high for a machine such as i.s ordinarily 
in use, and is likely to stall it. With powerful machine and properly 
de.signed cutter, however, it is none too high, and is by no means remark¬ 
able compared with some everyday performances like cutting nickel- 
chrome armor plate at 75 feet and nickel steel ;it SO feet. It must be 
said, however, that cutting like this Last mentioned could not be done 
except on machines thoroughly adapted to the work. In taking finish¬ 
ing cuts it is customary to use speeds considerably slower than those 
indicated. 

Of course, as in the case of other tools, allowance has to be made for 
the kind of material worked ui)on, in the determination of practicable 
peripheral speeds. Those found to be generally efficient and productive 
are : Cast iron, medium, from 90 feet per minute down; malleable, 85; 
mild steel, 75; tool steel, 35; brass, 140, aluminum, 500 or more. The 
table traverse in the case of brass and aluminum will of course be 
advanced to correspond with the high speed. Speeds for the .several 
grades of east iron and steel can be derived from the tables given for 
turning operations, the figures above being taken as starting points. 

Taps and Threading Dies.—Taps and threading dies may be run as fast 
as the material can be taken care of; and this w'ill rarely exceed half the 
speed indicated in the table of speeds and feeds for drills. On some 
kinds of material even less than half is ])ossible. Fven so, however, there 
still is usually a considerable gain over the output of carbon steel tools. 

Planer and Shaper Speeds.—As to planer and shaper work, and other 
cutting of like nature, it is necessary to point out only that the tools 
will carry all the speed, and in general all the cut, that the machine in 
use may be capable of pulling. Some recent performances indicate the 
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possibility of an 80 feet per minute planer cut, though this does not seem 
to have been accomplished in a commercial way. Sixty feet, however, 
has been carried as a regular performance; and this may for the present 
be accepted as a maximum record in regular work, while 50 feet, with a 
high-speed return, is about as much as can be expected on any recipro¬ 
cating machine — and this only on one of strictly modern design. Older 
types of machine cannot give much more than half as high a speed 
without much racking and burning up of belts. 



CHAPTER XVII. 


FUNDAMENTAL CONSIDERATIONS IN THE DESIGN OF 
THE NEW TOOLS, 

Factors in Efficiency.—The prime motive in machine and tool design 
obviously is efficiency. One productive apparatus is preferred above 
another because it turns out work more economically while still not 
sacrificing the accuracy or quality reipiisite. What is called efficiency, 
then, is usually considered to mean a maximum production of satis¬ 
factory quality at minimum cost. In most instances the chief element 
in cost is labor; which is to say, time. Wherefore it is often iissumed 
that the tool or machine which works most rapidly is of necessity the 
most efficient. Nevertheless, there are other considerations which are 
not infrequently quite .as important as time, or which at any rate affect 
the time of production to a very gieat extent. The proper hardening 
and tempering of a high-s]reed tool, for exami)le, has been previously 
mentioned. Unless given the treatment suited to the required service, 
the very best of high-s))eed steel will fail to do efficient work. So also 
the machine in which, and the niaterial upon which the tool works, 
both affect its relative efficiency. A further important factor, in the 
past very little regarded, is the design and shape of the tool and the 
nature of its cutting edge — when it has one. 

Heavy Stock for High-Speed Tools.—The need for greater cross- 
section in high-speed tools is referred to elsewhere. The steel itself is 
much stronger than carbon steel, and is therefore better able to with¬ 
stand the stresses and shocks incident to their work. The increased 
strength, however, is not nearly in i)roi)ortion to the increase in the 
stresses involved in the greater feeds or speeds or both, in the case of 
cutting tools. If ])ropcrly supported, a section from one-fourth to one- 
half greater than that customary in carbon tools is generally sufficient 
allowance for lathe tools of standard form and others similarly supported. 
In special or intric.ate shapes of course the allowance would better be 
somewhat greater, .as also where the requirements may be especially 
exacting. If run at speeds not much greater than those customary 
with the old tools, and without much heavier cuts, of couree there need 
be no increase in cross-section at all. All forms of these tools with slender 
necks or much side bend are to be avoided, since they tend to spring 
and twist under the heavy work, and are almo.st sure to chatter even under 
the most favorable conditions. 
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Special and Oblong Sections. —Special sections have been rolled, re¬ 
sembling I bar and other structural forms, intended to economize metal 
and afford greater strength in proportion to the weight than the rectan¬ 
gular section commonly used. Any advantage, such sections may have is 
confined to tools made directly from the bar merely by grinding the 
required nose, these forms not being well adapted to forging — though 
they are sometimes slightly Ijent. It has been shown that while a very 
dull tool may at times require as much power to feed it as to drive, under 
normal conditions the side pressure is generally not more than 20 per 
cent of the down pressure, and usually is considerably less. The longi¬ 
tudinal diameter of a tool stock, therefore, cam well be less than the 
vertical, though the amount of difference shoidd not be great enough 
to allow a tendency to spring sidewise under abnormal conditions or to 
t\irn in the post or holder. The happy medium in practice appears 
to be, as recommended by Taylor, about IJ vertical to 1 longitudinal 
unit. The length obviously should be such as to permit proper fasten¬ 
ing in the post or holder, and also to allow re-fettling a suitable number 
of times. The length adopted )iy Taylor is approximately: Length = 
14 X Width + 4 inches. 

Contour of Cutting Edge. —('hattering, as explained elsewhere, de¬ 
pends upon a number of things; and one of these, assuming that the 
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tool is of such form and stillness as not to spring under pressure, is the 
lack of correct angle and outline of the cutting edge. The experiments 
of Dr. Nicholson have shown that no matter how rigidly tool, machine, and 
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work are lirought together, the cutting of a shaving or chip is accom¬ 
panied by a more or less regular variation in the pressure upon the lip 
of the tool. The thinner the shaving, the shorter the wave-lengths 
corresponding to the variations in pressure. Evidently, then, if the 
thickness of a particular cut is uniform, that is, if the cutting edge of 
the tool is straight, there will be a tendency for the waves of pressure 
variation to einpha.size any vibration in the tool, work, or machine, 
and thus produce chattering and consequently a badly finished surface. 
If the tool has, however, a curved cutting edge, so that the thickness of 
the chip varies (note Figure 208), especially if it varies from nothing at 
one side to the maximum at the other, the tendency will be for the 
various waves of pressure to counteract and nullify each other instead 
of emphasizing other tendemfies just mentioned. 

There are other reasons also why a curved cutting edge is preferable 
to a straight one in hea\’y and rapid (mtling, if not in all cases, the most 
important of which Mr. Taylor has shown to be that it allows that 
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Fic. 209. Relation of size of tool (breadth of rutting nose) to thicknesH of chip at point of tool and there¬ 
fore to niaxiinutn cutting Bi)ccd Limitation of feed (in resjiect toanioothness of finisli) by decreasing 
size of tool is also shown. The relative thinness of the shaving taken by the larger tool is espe¬ 
cially noticeable at the shallower cuts. After Taylor. 


portion of the tool taking the finishing part of the cut to make a very 
thin chip. This part of the cutting edge under these conditions is less 
affected than that taking the heavy part of the cut, and continues sharp 
and in good condition for leaving a clean finish even after the rest of 
the cutting edge has become damaged. 

Broad-Nosed Tools. —Mr. Taylor points out also that the amount of 
the curve has much to do with the effectiveness of the tool, showing that 
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curved tools with broad noses would be best, but for the tendency to 
chatter. The amount of curve to be given a standard tool is affected 
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lasting quality of the cutting edge and the stresses imposed upon tool 
and machine. The clearance angle, from the need for the greatest 
possible support of the cutting edge, must be small, say about 6 degrees, 
as in the Taylor standard tools; while not yet so small as to prevent the 



Fia. 214. Angles for cutting cast iron and hard steel compared with those for work in soft steel. 


tool being readily fed into tlie work and to cau.se the flank of the tool 
to rub too much against the finished work. The lip angle of a tool will 
depend in a considerable degree upon the work it is to do. A small 
angle reduces the' pressure upon the tool and perhaps allows some in- 
crea.se in speed; but other considerations, chiefly the necessity for having 
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a sufficiency of metal at the cutting edge to carry away the heat generated, 
and at the same time stand up to the work without crumbling, indicate 
a rather obtuse angle. The harder the metal being cut, the more blunt 
the cutting angle should be, the general rule being that the angle should 
be just as sharp as it may be without crumbling or spalling .so rapidly 
as to impair the efficiency of the tool. The angles recommended by 
Taylor for the several typical classes of work ordinarily found in a shop, 
are given as follows: 

Cast iron and harder steels (say 0.45 carbon and up), lip angle 68 
degrees; clearance 6 degrees; back slope 8 degrees; and side slope 14 
degrees. 

Softer steels, lip angle 61 degrees; clearance angle 6 degrees; l)ack 
slope 8 degrees; side slope 22 degrees. 

For cutting chilled iron, 86 to 90 degrees lip angle. 

Tire steel, and similar hard steels, lip angle 74 degrees; clearance 
angle 6 degrees; back slope 5 degrees; side slope 9 degrees. 

Extremely soft steels (say 0.10 to 0.15 carbon), lip angle about 61 
degrees, and perhaps less. 

Relation of Side and Back Slope.—It i.s to be noted that the side slope 
recommended in these tools is considerably greater than the back slope, 
and varies also considerably from the angles heretofore customarily 
employed. The relatively steep side slope allows the tool to be much 
more frequently ground without weaketiing it, allows the chip to slide 
off in a line avoiding the tool post or holder, helps to correct the tend¬ 
ency of the tool to side deflection by throwing the pressure line within 
the base of the tool, and reduces the feed pressure. The greater blunt¬ 
ness in tools for cutting soft cast iron, compared with those used in 
cutting soft steel, is also noteworthy.' 

Hartness Type of Lathe Tool.—Excellent results are obtained in many 
shops through the use of latlie tools of an entirely different type from 
those just described, cutting the metal in a way essentially different. In 
these tools, designed, it seems, by Mr. .James Hartness in connection 
with his Lo-8wing lathe, there is no clearance, no forging, and the cutting 
angles may be of almost any degree of acuteness, in most ca.ses much 
smaller than is customary. The cut is taken straight sidewise, the tool 
feeding along the i)eriphery of the rotating work, .and slicing off a band 
of a depth ami thickness corresponding to the feed and depth of cut. 

‘ Space docs not ponnit here a discussion of the various experiments and experi¬ 
ences furnishing tlie reasons for tlic standards (those recommemled and used by Taylor 
as standard cutting tools) given above. Any one caring to pursue the subject further 
will find much of interest in Mr. Taylor’.s address or report “On the Art of Cutting 
Metals,” already mei'*io> ed. Another paper of very great interest, by Mr. James 
Hartness, considering the nature, cutting angles, and utility of the type of tools re¬ 
ferred to in Hie following paragraph, was read liefon' the same society at the 1908 
meeting. 
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The ribbon chip is removed at the front (that is, by the edge of the tool) 
by real cutting, the nose of the tool being forced into the metal and 
wedging it away from the main mass; while at the finished surface of the 
work the action is comparable to that of shearing, leaving, however a 



Flo. 215. Examples of Hartness tools, with sharp cuttinK angles. 


satisfactory finish surfai*. The end or nose of the tool rides against the 
flank of the finished jnece, and by giving the cutting edge and lip a suit¬ 
able positive or negative back slope, the pressure against the tool, 
lending to force it out of the work, can be minimized; at the same time 





the cutting angle can be so selected that the tool will actually feed itself 
into the work, entirely eliminating the feed pressure, the feed drive 
being required mainly in starting the cut and in maintaining it uniform. 
By mounting the tool in a holder or post in .such a way as to afford some 
freedom of movement, lateral vibration in cutting is almost if not en- 
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tirely eliminated, and the cutting edge of the tool therefore is unimpaired 
liy reason of chattering, which is relatively a much more important 
factor in its destruction than heat is, in tools not employed in exceed¬ 
ingly high speed or heavy feed cutting. By suitably selecting the cutting 
angles the tools also l)ecome, to a certain extent, self-sharpening, the lip 
and flank riding against the cut surface wearing along with tlie edge 
itself, though perhaps less rapidly. 

For many kinds of work such tools are run with faces nearly straight, 
on the principle of the side tool. In other cases it is found desirable 
to give the tool a slight round. In turret lathe practice, when working 
on bar stock property supported by back rest, the corner of the tool is 
left nearly or quite square. 

Utility of Hartness Tools. —Tools of this type are inexpensive to 
make and seem to have a rather wide range of usefulness in the ordinary 
metal-working shop in connection with appropriate forms of turret 
lathes doing lepetitive work of moderate .size and not of the kind where 
the so-called rapid reduction, the speedy removal of relatively large 
quantities of metal, is necessary or economical. In diameters under, 
say inches, work up to feet in length can be advantageously turned 
with such tools, while in diameters ranging from that given up to, say 
20 inches, the lengths conveniently turned are up to nearly a foot. Diam¬ 
eters smaller than one inch, or possibly a little less, are not so well a<lapted 
to the use of these tools.' 

The Problem.—Taylor Standard Tools. —The problem in designing 
lathe tools, and those of similar use, is in the main one of so harmonizing 
the various elements affecting the form, the shape of the cutting eilge, 
and the lip angle, that the highest all-round efficiency shall be obtained 
with a minimum number of different tool forms. The tests and e.xpe- 
riences of Mr. Taylor and his associates, and of many others who have 
adopted his standard shapes, leaves no doubt as to their all-round 
efficiency in roughing and rapid reduction work. They recpiire con- 

‘ The experiences and observations of Mr. Hartnes.s have resulted in his formulating 
the following concliKsions with respect to the advantages of this non-clearance type of 
tool: 

Relieves the edge frotn om'-sided pressure. 

Prolongs the life of the cutter by allowing abrasion on its face without producing 
negative clearance. 

Converts the lip angle into a cutting angle, which for a tool of given form eonsti- 
tuU'B a gain of from 5 to 10 degrees in cutting angle. 

Extends the range of the side tool (a tool of this type is really a .side tool), which 
gives the minimum atres.s. 

Makes pos.siblc the luse of acute-angled tools, thereby increasing the output of 
machines which have been limited by lack of pulling power. 

The reduction of t: < . utting and separating strc'sses increases the accuracy (or 
output, whicli is generally interconvertible with accuracy) on nearly all lathe work. 

This reduction of stresses also increases the output, which has been limited mostly 
by the frailness or slenderness of the work. 
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siderably more forging than tools customarily used; but this very thing 
is the result of a compromise in design whereby many grindings with 
few dressings are possible before re-fettling and re-hardening become 
necessary.' Of course in the ordinary run of shops, where the variety 
of work is large, there will inevitably l)e many jobs which can be better 
done with tools of other or of special design. It is well, howe veCj to bear 
in mind always that a multiplicity of tool forms greatly complicates the 
tool problem; and that when all things have been taken into account 
it may after alt be quite as economical to use a standard as a special tool. 

Tool-Holder Stock. —In the early days of high-speed steel the tendency 
was to use it very sparingly, and for the most part in the form of tool- 
holder stock. This method permitted the use of a minimum of stock 
(and a con.sequcnt minimum expenditure, as it was thought) and neces¬ 
sitated little expense in tool making, since the stock was usually bought 
unannealed and was put to work after nothing more than grinding to 
shape. The lightness of the stock which could be used was a manifest 
shortcoming, which was soon remedied by the design of other tool 



Fio 219. A palcntod tool holder whieli allows close contact of U)ol and holder 
and insures an unusual degree of rigidity in the tool. 

holders large enough and Innivy enough to meet the requirements in 
this respect. The use of the unannealed stock, without treatment, has 
been found to be unsatisfactory; and the usual practice now is to treat 
tool-holder stock precisely as other tools are f,rented except that little 
forging, if any, is attemjded. For many uses, especially for light cut¬ 
ting, the use of such stock, in suitably designed holders, is permissible 
and gives good results, though usually not so good as can be otherwise 
obtained. 

' Following are the afiinnative consideration.^ sot forth by Taylor in connection 
with lathis tool design: 

The bar from which the tool is forged shonld be one and one-half times as deep as 
it is wide. 

The cutting edge and the no.se should be set well over to one side in order to avoid 
the tendency under pmssum to upset in tin; tool post. 

That shape should be given preference with which the largest amount of work can 
be done at the smallest combined cost of forging and grinding. 

Forging is much more expensiv<^ than grinding, therefon' a tool should be designed 
so that it can t>c ground the greatest number of times with a single dressing and the 
smallest cost per grinding. 

The best method of dressing a tool is to turn its end up high above the body. 
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Defects of Tool Holders. —The stock of a lathe (or similar) tool not 
only serves to support the cutting portion, but also to conduct away 
a considerable part of the heat generated in cutting. In order to do the 
first effectively the stock must, as has been pointed out, be strong 
enough to prevent springing and chatter. Holders for this reason, if 
used at all, should be made of chrome or other very tough steel. Also, 
if u.sed, they ought to be so designed that the tool itself will fit snugly, 



Flo. 22-0. A type of composite tool, suited to scraping. 

or even tightly, into the slot provided, so that there will be close con¬ 
tact on all’ sides between tool and holder in order to allow the heat to 
be conducted freely from the one to the other. Under the very best 
conditions, in this respect, there is likely to be something still wanting; 
and this lack is emphasized by the fact that in all such mechanical com¬ 
binations of tool and holder there is introduced one additional joint in 
the circle which includes tool, tool post and slides, lathe bed, head stock, 
spindle, chuck or dogs, and the work itself, and thus brings in an addi¬ 
tional element of negative force in high-speed cutting where especially 
rigidity is essential. 
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Compound or Welded Tools.— The better practice seems to be to use a 
stock of chrome, nickel, or other tough steel with a nose or cutting end of 
high-speed steel either electrically or autogenously welded on (see Figs. 151 
and 152), or possibly joined by some other method of rendering the parts 
homogeneous, as described elsewhere. Tools so made can be forged to 
standard or special shapes and re-fettled as necessary. They have the 
requisite strength, avoid introducing additional holding devices with the 
(H)nsequent liability to movement, allow the heat to be conducted away 
from the cutting edge without interruption, and are in practically every 
respect equal to solid high-speed steel tools. The cost probably is a 
little higher than that of tools used in holders, but the advantages 



Fiq. 221. T'ypus ol iiiiiiing cutters best made from the solid stock. 


clearly outweigh any slight difference in this respect. Tools with 
cutting surfaces brazed to ordinary steel bodies or stocks have been in 
u.se for a number of years in planer and similar work (see Fig. 149), 
and to some extent also in turning ojjerations. Where no forging, or but 
;i slight amount, is required, these are very satisfactory. The method 
does not commend itself Lji connection with tools of the Taylor standard 
shapes, or others except those of simple form. 

Composite Rotary Tools.- In milling cutters ami other rotating tools 
of large diameters there is opportunity for economizing in the use of 
high-speed steel by the use of this material for the cutter parts only, 
the body of the tool being in a Large proportion of the cases quite as well 
made of cheaper material. The smaller cutters, say those below 4 or 
5 inches diameter, and most irregular shapes, are usually made solid 
for the obvious reason that they cannot be conveniently or economically 
made with inserted blades, especially if held by mechanical means. .4 
certain amount of room is required, wdiich in small diameter tools is not 
available even if the number of cutters be reduced considerably below' 
the customary; and the necessary smallness of the securing parts usually 
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tends to insecurity in the holding device. The objection to tool-holder 
lathe tools touching the lack of heat conductivity, does not hold in respect 
of milling and similar c\itters. The cutting edges are at work for a 



Fio. 222. Somt'tliinK ununtml iti the wav of larKo iniiliUK cutlers, !) x 2 inches Made* from the solid because 
compKisite euttiTs would not stand up to the work required. The peculiar ftirm ol the leelh pri*- 
vents druKKUig und tjives free cuttiUK angles all lourid. 



Fig 223 An interestinR composite milling cutter. So designed that the bla ’es are easily removed 
and ground simultaneously by the aid of a grinding fixture, (’ourtesy of Mr. William G. Thuinm. 


relatively short time during each revolution, and are exposed for the 
remainder of the time to the cooling action of the air. On this account 
they do not tend to become heated during a long run. In all the larger 
sizes, therefore, where it is convcnielit and feasiVde to secure the cutting 
blades mechanically, this is usually the preferable method. This the 
more l^cause of the difficulties inherent in hardening not only these, 
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but most other large tools of intricate form. All such are to a greater 
or less extent susceptible to cracking, which though it may be reduced 
to a minimum by use of the barium hardening method or extreme care 
with other methods, still may possibly occur, the cracks, when they do 
occur, often not becoming manifest until the tool has been put at work. 



Fio. 224. Type of iuHcrted-blade milling cutter. 


This composite method ])crniits the use of a tool body, with properly 
made rece.ss(!s for l)liidcs and means for securing them, once made, to 
be used with an indefinite number of cutter sots, in this way reducing 
the actual tool cost on any given job very materially below what it would 
be if t he ordinary solid carbon cutter were used. 



Flo. 225. A cold saw (Tuylor-Newbold) with iusurted teeth held in place by wjft nietal. 


Methods of Securing Cutler Blades.—The methods of securing cutter 
blades are not only divers, but of various degrees of excellence. Brazed 
cutters have been used, and in a few instances also welded ones. These 
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methods produce the strongest tools; but they have the disadvantage 
of making the body, with its expensively cut recesses, usable but the 
once. Holding the blades in place by means of screws is, in general, to 
be avoided because of the well-known tendency of threaded parts to 
work loose and sometimes to require replacing with new and over-sized 
ones. Screws in some cases are used for the purpose of expanding the 
peripheral sections of a cutter in such a way as to grip the blades between; 
and this is an excellent way. Expansion dowels are similarly used, as 



Fig. 220. TooUi oi Taylor-Nfwbold savs lirokon. The tool or liolticr will break before 
the soft metal bedding the t(M)l in the holder js matenally damaged. 

also are wedges. In the latter case, however, there i.s more or less.diffi¬ 
culty in extracting the blades when worn out — a matter of some impor¬ 
tance. For many uses it is sufficient to make the blades of such form 
and size that they are merely jiressed into place with a forced fit. The 
method of imbedding the cutter blades in soft metal, hereafter described, 
also has advantages. 

Helical Milling- Cutters.—For side facing mills and others needing but .‘i 
narrow peripheral cutting face, where the blades are of little length, they 
are .sometimes straight, but are most often set at an angle so as to secure 
the advantage of a partially shearing cut. The same thing has been tried 
with long cutters, but in this case it is impossible to make a satisfactory 
mill without the use of helical blades. The slope and lip angle of a mill¬ 
ing cutter blade obviously should be uniform, or nearly so, throughout 
its length. In very short straight blades this will be the case nearly 
enough for practical purpo,ses,but where thecutters are long, unless bent to 
a helical form, if set with the front face at an angle with the axis, the slope 
and angle are uniform at no two points along the cutting edge but are 
modified to such an extent that the length of blades so set is thereby very 
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limited, and mills so made are liable to excessive vibration and chatter. 
In the case of helical cutting edges the front slope and lip angle can be 
maintained uniform throughout their 
length. Heretofore, however, it has 
been rather difficult to manufacture a 
cutter with blades of this form satis¬ 
factorily and effectively secured. This 
is now done by milling (or sometimes 
planing) key or pocket shaped helical 
.slots, relatively large as compared with 
the blades, and anchoring the blades 
to the holder or tool body by filling 
the vacant space with some soft alloy 
like type metal and compressing it to insure a perfect imbedment of the 
blades. Anomalous as it may seem, tests have proved that blades, or 




Fi<i. 22K How the front slope varies from the innxiniuni at R* to the minimum at ^ in a straight blade 
*et at an angle r)f 20 degreew to an axial plane, while it remains constant throughout the length of 
the helically curved blade set at the same angle. The cxindition arising in the former case limits the 
possible length of the blade. Courtesy of Tabor Mfg. Company. 

even holder, will usually break before the anchorage is materially dLs- 
turljcd by stresses upon the cutter blades. Blades so held are removed 
without trouble when in need of replacing. A well-known cold saw, it 
may be said in passing, has its teeth secured by a .similar method. 

Renewing Inserted Cutters.—This matter of renewals is dependent very 
largely upon the relative amount of cutter blade which can be ground 
away, and the method of grinding — that is, whether face or back grind¬ 
ing. The latter is by far the better, a very small amount of metal re¬ 
moved serving to sharpen the tool where a heavy face grinding would 
be required to aecuiuplish the same result. The life of a set of cutter 
blades of this sort, ♦hen, depends upon the number of grindings that can 
be given it, which is to say, upon the overhang or distance the blades 



Fio. 227. Development of front slope from 
0 to a positive front slope in the case of a 
straight inserted cutter blade set atan angle 
to the axial plane. Courtesy Tabor Mfg. 
Company. 
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project from the housing. This distance will naturally be governed by 
the work to be done, that is, by the stresses to be provided against. 
Under ordinary conditions a projection of one and one-half times the 
thickness of the blade is not too much. Cutters not helical in form may 
not permit quite so much projection. 



Fjq. 229. Uninuc lufthod of holclme inserted <‘utter hlatlos in position by imbi'dineril ni 8oft inotal. The 
front slop!' IS «iven to the blatJes by carvini{ the faci'. (.’ourtirsy Tabor Mfg. (’orupany. 

Maximum Number of Blades.—Where metal is removed as rajudly 
as it should be with milling cutters of the high-speed type, the question 
ari.ses as to clearance for the chips as they are cut away. The ]5itch 
ordinarily used in carbon steel milling cutters is insufficient, cspeci.ally 
in cutting .soft metals. Furthermore, the mechanical fastening of the 
blades also limits their number, .lust what should be the number of 
cutting edges does not seem to have 3 'ct been scientifically determined. 
This much is known, however, that the best results are not obtained 
where the numlier of cutters is large. Coarse feeds are coming more and 
more to be the nde in all except fine finish milling; and for such work 
evidently the number of blades will be governed to a large extent (in 
connection with the considerations already mentioned) by the load it 
will h* prarticable for each blade to tairry; for the abutments for the 
several blades, taken together with the thickness of the blades them- 
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selves, must be sufficient to withstand the 
probable stresses imposed. For most classes 
of such cutting operations the number of blades 
will vary from about one for each inch on the 
periphery in small diameters, say 4-inch, to 
about one for each 1 i inch of periphery when 
the diameter is as great as 10 inches. This 
would give about 14 blades for a 4-inch 
nominal diameter, 16 for a 6-inch, 18 for an 
8-inch, and 20 for a 10-inch cutter. The arbor 
hole should never exceed one-half the nominal 
diameter. In the case of side and face mills, 
where the chips are not confined, a greater 
number of cutters is allowable if considera¬ 
tions of strength and proper securing permit. 
Evidently a solid cutter can have a greater 
number of teeth than one with inserted 
blades. Such an increased nunilier, however, 
is not at all necessary, for the work done with 
one of coarser pitch will be f|uite as good as 
that with the finer, Furtbermore, the cost is 
in the neighborhood of a third less. Esually 
also the life of a coarse pitched cutter will be 
considerably, not infreipiently several times, 
greater than that of one with the greater 



number of cutting edges. 230 a Tabor inserted blado 

Rake for Soft Metal Cutting.-Milling cut- 'CSy "f'rbi”' 
tors (and most other tools as well) intended to tedmen“'i“‘‘typ?™rtoi.‘’''' 
w'ork on aluminum, and perhaps on other soft 

metals also, retjuire more rake than those cut¬ 
ting iron and steel, in which latter case 5 de¬ 
grees is about right. An angle of 45 degrees 
from the vertical gives a beautiful clean finish 
when paraffine is used as a lubricant. The 
removed material does not under these c.on- 
ditions pile up on the face of the cutter, rough¬ 
ing its surface and preventing the cutting of a 
clean chip ;is often happens otherwise. The 

Fta. ‘i'M. HiKh-Hppfd iriillinK cutters , ... . r it. j.i._^ 

should have about 5 degrwifl of pitr(*il OT (llStilllCG t)I til© CUtt©rS S-lSO IS 

slope u, ibe cuttmK lips. necessarily greater, three teeth to a 4-inch cut¬ 

ter lieing amply sufficient, wdiile a cutter as large as 10 inches requires 
but 6 teeth. More ilian iliis number is unnecessary to secure a good, 
finish, and would bj in the way of chips, preventing their clearing out 
properly. 
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H'icking the Cutting Edges.—The question as to whether the cutting 
edges of long mills should be nicked or not is still open, though it would 
seem that if the cutters were designed with a front slope such as to 
bring down the chip pressure there would be no occasion for breaking 
up the chip. This front slope is an important factor in the efficiency 
of milling cutters 

Interlocking Mills.—Wide face cutters, when solid, are preferably 
made in interlocking sections, as also are those used for producing 



Fig. 232. The gang niilliog cutter, built in H(‘rtion.s in order to simplify problems of manufacture, 
hardening, grinding and inaintermnce. 

finished surfaces with a variety of curves, slopes, or angles. In the 
latter case gangs are used, a separate cutter for each surface or curve, 
usually. The difficulty of properly hardening a .single cutter of extreme 
length or intricate form would be sufficient reason. A further one is 
that in case of damage to a portion of such a cutter, if made in sections 
the damaged part can he replaced without the expense involved in the 
making of a complete new cutter. 

The Case of Rose Reamers.—Rose and .similar reamers have several 
points in common with milling cutters, yet in certain respects are in a 
class by themselves. Those used in a vertical position, for enlarging 
and truing cored holes, discharge their cuttings freely; but those working 
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in a horizontal position often present a difficulty in this respect, and 
require greater clearance in order to avoid clogging and other troubles. 
As in milling cutters, in order to secure a sufficient clearance, and at the 
same time sufficient strength in the backing or abutments supporting 
the cutting edges, the number of the latter is reduced as much as a third, 
frequently, below the customary. 

Composite Reamers. —Small sizes, say up to U inch, are preferably 
made solid, and above that diameter with inserted blades, though some as 
small as 1 inch are made composite—and adjustable at that. The manner 
of insertion may be either mechanical or intimate, as with milling cutters. 



Fig. 233. Matthews expanding shell core drill or reamer. Expansibility secured 
through slotted shell m combination with an expansion bolt. 

though ill tile former case the mode of holding is essentially difTercnt. 
If intimately attached, so as to make a practically homogeneous tool, 
either by brazing or by welding, the effect Ls that of a solid tool which 
may be ground off without reference to saving the core or body. Hiis 
is convenient, especially when the operator is required to grind his own 
tools — as he should not lie. By the use of suitable collars and other 
well-known devices the blades may be secured at laith ends, and when 
ground away until no longer .serviceable are (jiiickly replaced by another 
set. Likewise there are reamers whose blades are forced with a drive 
fit into the grooves cut in the body of the tool; and still others with blades 
wedged in or secured by screw devices. .41niost any of these are efficient 
in light nr moderately heavy work, particularly if used as floating reamers 
for sizing rather than for Ixiring. When, however, extra heavy service 
is required there is some difficulty in securing the blades mechanically 
so that they will stand up to the work'. It is desirable in this case that 
the blades be brazed or welded — and to cores strong enough not to 
twist off at the shank. 

Material for Stem or Body. —To afford the requisite strength in tools 
of the last mentioned kind, the body and shank are best made of a 
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tough chrome or similar steel. Machinery, and even tool steel shanks, 
not infrequently twist off under the heavy stresses imposed by severe 
duty. For ordinary work under customary conditions the bodies are 
strong enough if made of machinery, or at test of tool steel. Occasion¬ 
ally it may be desirable to make them in the form of steel castings, though 
usually the ordinary method will te followed. Rronze metal bodies, 
with the slots for the blades milled in the customary manner, also are 
in successful use. The blades in this case are brazed ipto the recesses. 
Cast or malleable iron bodies are to be avoided. 

Clearance and Relief in Reamers. —High-speed reaniere especially, 
and perhaps more than the slower carlton steel sort, rcMpiire a sufficient 
and proper clearam* or relief. Too much will result in chatter, while 
too little will lead to binding in the hole and consequently to short 
life. Flat relief, that is, a flat land tehind the cutting edge, or front 
face of the flute, is not nearly so good as a curvilinear, the so-called 
eccentric or radical, which not only gives better support to the f.'ice of 
the flute but .also helps to steady the tool and i)roduce8 a bc'tter hole. ' 

Expansion or Adjustable Reamers. —The work of a rose reamer is 
es,sentially different from that of either a milling cutter or of a .drill, 
since the former removes but a relatively thin skin of material from the 



Fio. 234. Smith adjustable reaiiicr aaseniblcd, and parts of same. 


inside of a hole already existing; and unlike either, it takes this off not 
with a broad cutting edge, but with a small corner of the cutting lip at 
the periphery of the tool. In consequence nearly the whole wear comes 
just at that point in the reamer which gives the size to the hole. And 
since the only- way in which work of this character can be kept within 
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the requisite limits of precision is to keep the tool also within those limits, 
it is necessary to keep such reamers well sharpened by frequent grind¬ 
ings, or to provide for taking up this wear by some method of expansion 
which will again give the required diameter. In most cases where the 
nature of the work is such as to permit the use of tools of that type, the 
expansion reamers are preferred. The simplest form of sindi a tool’ 
perhaps, is that in which the blades are welded or brazed to a slotted 
shell provided with a taper plug and take-up screw. In another well- 
known tool, with removable blades, the expansion is accomplished by 
rotating a locking cam bolt with cams corresponding to the blades. 

Twist Drills. —In fluted twist drills there has been little change from 
the standard form j)roviously in use, though it is desirable that the lead 
of the flutes be given some advance over the customary one of about seven 
times the diameter. The smoothness of finish somewhat affects the possible 
speed and therefore the effidency of drills. Provision should therefore 



Flu. 235. Chard apindlu drill. 

be made for a finish approximating a polish. The one especial feature 
wherein the high-spee<l drill can well differ from the ordinary is in the 
thickne.ss of the web. In order to give the greatest possible degree of 
stiffness and strength where most required, it is a desirable, but by no 
means an universal practice, to increase the thickness of the web grad¬ 
ually toward the sh.ank. It is important that the web, especially when 
the drill has beconx! somewhat shortened, should in grinding be thinned 
at the point in oixler to minimize the tendency to split which sometimes 
manifests itself .at the high pressures required to feed these tools into the 
work, likewise it is not only imj)ortant, but essential, to provide for 
the grinding of a proper clearance to meet the requirements of the feed 
intended to bo used, and, as explained elsewhere, for so varying the 
clearance angle from center to periphery as to allow the drill to feed 
properly into the work at all points along the cutting edge. 

Twisted Drills.— For a time at least one maker of high-speed steel 
rolled sections of such shape that when suitably twisted and provided 
with a shank, a flntofl twist drill was produced which required only to 
be finished and ground, the cost being surprisingly small. This was, 
in a sense, a reversion to the original method of making drills of this 
type. The maker after a time ceased rolling the drill stock section; but 
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others have since then taken up the idea and now several forms of drills 
are manufactured in this way, ranging from those twisted from flat 
stock to others rather closely approximating the standard milled fluted 
drill. There is no difficulty in producing a .shank suited to any require¬ 
ments, from the regular taper to special forms adapted to use in con¬ 
nection with special collets or chucks. In one style the lead of the 
twist is considerably increased at the shank end so as to form a good 
bearing, which when ground not only fils the standard taper .socket, but 



Fui. 2Ii6. TwistPtJ drill madt* from a flat, hai of stork tlirougliout its rnliic icngtii. 

Shank ground to standuid tajier. 

by rea.son of the tendency to untwist under the stress of work, it actually 
grips the taper seat more firmly than a solid shank ilrill does. Other 
styles have hot pVessed or slightly forged shatiks, Hat or flat-taiier, as the 
case may be. 

Economy in Twisted Drills.—'The manufacture of drills of this type 
obviously is a much simpler and cheaper matter than that of the ordinary 
lluled drills. The amount of metal retpuied is only about one-third as 
much by weight, which of itself is a matter of con.sequence; and the 
twenty odd o))erations involved in the manufacture of ordinary drills 
is reduced to a small fraction of that nund)er. No expensive or elaborate 
special outfit is required to make them, and it is therefore possible to 
produce drills of this type in many sho))s otherwise not equipped for 
drill making. In addition to all these things, it woidd appear' that 
ih'ills thus twisted are stronger than those milled from the solid cylin¬ 
drical stock and that tangs very rarely twist off or stems break under 
the strains of their work. Obviously the grinding and finishing must 
be as carefully done as in the case of the ordinary type. 

As to Other Tools.—There does not seem to be imy reason for depar¬ 
ture from traditional lines in the design of wood working and of metal 
w'orking tools other than those used for rapid (mtting, ('xce])t in so far as 
it is desirable to make all these tools so far as permissible on the com¬ 
posite or built-up plan. Small dies, punches, shears, and the like tools 
■are preferably solid; but large sizes are just as well, or better, built up 
in such a way that the parts subjected to wear may be renewed from 
time to time as required. 


CHAPTER XVIII. 


THE NEW MACHINE REQUIREMENTS. 

Limited Use of High-Speed Tools. —The revolution in machine shop 
practice, so enthusiastically predicted for some time, unquestionably is 
arriving; but, it seems, rather more slowly than might have l)een expected; 
and it is as yet manifest in spots only, so to s|)eak. ('onsidoring the 
very great advantages obtainable by the extensive and intelligent use of 
high-speed steel tools, it is surprising, not to say disappointing, from 
the efficiency point of view, that they are as yet used so little and so 
ineffectively in general manufacluring. In sucli jilants as have for 
their ])vinci))al product heavy forgings or machinery, or other products 



Fig. 237. An extraordinarily large auil hoavviutlie in its day. Built about 18.56 by the Fheunix Iron 
Works, Hartford Compare the weight and build of this inachme with a modern high-speed lathe 
of alK)Ut the suni<‘ swing, us seen :d Fig. 238. 


comparable to them, the new steels have a large and not infrequently 
exclusive place. In a relatively few shops turning out products of a 
different character, say such as would be typified by agricultural ma¬ 
chinery, sewing machines, and watches, .advantage is also taken of the new 
steels and their high efficiency. In the average factory, however, the 
extent tf) which they are used is astonishingly small. There are indeed 
places where high-speed steel seems never to have been heard of, or where 
tlie management is so ultraconservative as apparently to deserve being 
under suspicion of inefficiency and to need reminding of the adage which 
says something about j)enny-wise and pound-foolish. 
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There are of eourse many considerations affecting the use of high¬ 
speed steels, and these are discussed in another place. One of the most 
important relates to the nature and effectiveness of the machine tool 
equipment; and it is this which partitailarly concerns us at present. 

Incapacity of Old Equipment.—It scarcely needs mentioning that ma¬ 
chine tools design(!d under the old regime, to m(!et the rcq\iirements and 
reach up to the limitations of the old tools, arc utterly incapable of using 
efficiently the new tools, with their doulded, trebled, and even quadrupled 
powers. It may be necessary or expedient to tise such equipment even 
in connection with high-speed tools, as pointed out in another jdace; 



Fio. 238. Kxariiplc of powerful and niashive lathe especially adapted to use high-speed steel tools. 
Double head, one of which has traverse. Feed and headstock traverse both secured through an aux¬ 
iliary motor seen at th(‘ fan her end of the machine. 80-inch Niles driving wheel lathe. 

but in the acquisitioti of new c(]uipment there certainly should be no 
hesitation in selecting that which will measure up to the full ])owers of 
the new toots, and tften to use; those tools at their maximum effu-ieiicy. 

SuflSciency of the New Types.—During the first years of high-speed 
steels, machine tools fulfilling the new requirements were not often to 
be found. Builders were cautious in the matter uf new design and the 
expense of putting out new tyi)cs of machines — though it may he sup¬ 
posed that they were no moir^ conservative in tliis respcict thfui the imirket 
demands made prudent. The early attempts at adaptation to the new 
standards were niaiidy in the way of modifi(uitions of existing designs. 
There was some increase perhaps in the weight of beds and frames, and 
a disposition to displace the narrow, many-stepped cone pulleys of the 
ancient yesterday with others having faces somewhat broader. But 
there'was much hesitation in the bringing out of machines newly de¬ 
signed, with the problems presented by the new tools as the basis of 
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many departures from tradition in the working out of general form as 
well as of details. At the present time, however, it is possible to obtain 
machine tools of almost any type which will measure up to the maximum 
requirements of the new tools, and which possibly surpass them in some 
cases. This ))eing so, it is pertinent to inquire as to the elements which 
should be considered in the selection of machines under the new-rigime. 



Fig. 239. A dnlling maclune that fulfills the most exacting requirements for a high-speed, 
high-power tool. Made by Baker Bros., Toledo, Ohio. 


Producing Repetitive Work. —Before attempting to indicate some of 
the most importatit of these, it is pertinent to point out that the ques¬ 
tion of machine tools may well be looked at from two very different view 
points by the two cl i.sc s of machine users to whom it might be supposed 
to be of interest. The requirements of the shop doing little but repeti¬ 
tive work, the reduplication of pieces in great numbers, pieces which 
need to be “ good enough ” merely (or even which need to be of extreme 
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accuracy, though possibly to a somewhat less degree), will be much 
simpler and perhaps less exacting than those of what might be called 
the general job shop, where a given machine may be called upon to per¬ 
form a great diversity of operations upon a large variety of different 
kinds of pieces. In the former the use of the jig and similar devices 
to hold the piece operated upon and to guide the tool to insure accuracy, 
makes possible in most cases the satisfactory use of machines fulfilling 
two essential requirements; ample powering and sufficient rigidity or 
strength. Even the fatter is essential not so much ft)r reasons of a(;curacy 
as to insure longer life to the tool through the elimination of vibration. 



Flo. 240. An interesting effon to me<*t modern requirements in repetitive production. 
The Foster ring-turret lathe. 


The small range of work generally done upon a given machine, under the 
conditions named, not only eliminates the need for a great variety of 
speed changes (once the proper speed for the jobs to be done upon it 
has been determined), but actually makes such a variety a needless 
source of expense and something of a nuisance liesides. The tendency, in 
shops having a very large output at any rate, is toward the highly spe¬ 
cialized machine, designed specifically for the performance of a single 
operation or a very few specific operations, on particular parts. For the 
single operation machine but a single speed and but few adjustments 
are required; while for the other, the speed changes may well be closely 
restricted. 
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The Case of Engineering Works. —Manifestly the shop turning out a 
limited number of pieces of a kind and doing a large variety of work, 
whether it be the tool room of a big factory, the general manufacturing 
shop, or the small jobbing shop, recpiires a different class of machines. 
Since jigs and rigs .are of necessity but little used, precision must be 
obtained through Jiccuracy in the operation of the machine. For this 
reason the inachine.s must meet the additional requirements of extreme 
rigidity, consideralde range of adju,stal)ility, and likewise large range of 
speed vaTiation. Whatever tlie tyjie of machine, the considerations 
here pointed out apjdy with more or le.ss force to all of them. 

Solidity and Rigidity—How Secured.—.Much has l)een said, and not 
a little written, about the so-called “ anvil ” as opposed to the “ fiddle ” 
principle in machine design; and it was jiretty well established even 
before the advent of file new tools that solidity, or rather rigidity, is a 
))rime essential in nmchines for metal working. .Solidity and rigidity 



Fio. 241 How tho disjMtHilion of tiuilcrml in .structural forms affects stnmRth and offectiveness in resiat- 
itiK strains .1 and H are tiins; and loui sided prisms. (' i.s m tlie form of two girders connected at 
iuterv'uls i)\ giiN. H has 10 linies the tonsional resi.stauco of ,4, and from 0 to 13 limes that of 
tlie latio deiH''jdinK upon the strenglh and frctiuency of the girl.s m C 


.are liy no means the same thing. Mass of course does involve inertia, 
and likewi.se rigidity. On the other hand it is possilile to secure com¬ 
parative freedom from vibration without the heavy mas.sing of material 
often found, it the material be properly distributed. It is well known, 
for instance, that the hollow cylindrical form of construction is very 
imutli stronger in every way than tlie solid, utilizing the same amount of 
material; and tins fact is made use of in a great variety of way.s—■ 
nearly every way, one might iiave said until very recently, except the 
eonstruetion of machine tools. The hollow prism form also has great 
advantage over the solid, eoiisidering tlie ainoiiiit of material involved. 
It has been shown experimentally that a hollow four-sided box of this 
rectangular prism shape (Fig. 241) is more than six times as rigid 
with re.spoct to twisting strains as the same amount of material in side 
plates with cross gh-'i of the customary proportions. Even the very 
best possible distribution of material in this form (beams and girts) 
does not reduce the disproportion more than half. Consequently the 
very best lathe bed designed on c.oiiventional lines can have a strength 
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ranging only from possibly a fourth (making a very liberal allowance) to 
an eighth of the rigidity it might have if the material were distributed 
in the box form. Now the chief business of not only lathe beds, but of the 
frames of nearly all machines designed for rotating the work or the cutting 
tool, is to resist such twisting strains; and principles of rational design 
sho\dd indicate the advantage of this simple mode of re<lucing the 
weight of metal required, or rather of .securing the maximum of strength 
and rigidity from the metal used. The iiearei’, therefore, a lathe bed 



Fio 242 A heavily Rirfed Ijitho iMtd. 

approaches this form, the greater its efficiency. The .same thing holds 
true of such parts as the cross rails of idaners, multiple mills, and the 
like machines. The.se most frequently have been made trough shaped, 
with a section resembling a box of three sides rather than four — a form 
lacking in resistance to torsional strains, and only about a tenth as strong 
otherwise as if one-thii'd of the metal w'ere distributed in the form of 
a fourth side. 

Weight Essential. —It should not be inferred that lightness is in any 
wise desirable in machines designed for using high-speed tools. The 
heavier the frame, that is to sav the greiiter the solidity, the better 
the absorption of vibration such as inevitably occurs in heavy oi' rapid 
cutting; and the tetter this is absorbed, the greater the efficiency at the 
cutting edge. The point is that there shall be ample weight, and that 
this weight shall be distributed for greatest effectivene.s.s in resisting the 
kind of strains to which the particular machine is to be subjected. And 
this ai)pUes no more to lathe than to milling machines, planers, and the 
rest of.the tribe of machine tools. 
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Lathe Heads and Others. —Next in importance to the bed, frame, 
or body of a machine, is the driving or cutting head. Obviously it ought 
to be in strict proportion to the rest of the machine. It needs strength and 



Fin, 243. “Lo-Rwing” lathe* (nar v ifw) i>{ tin* Kurblmrg Machine Works. I'tiique d(“<ign of bed — and 
indeed of machine throughout. 

rigidity just .as much as the body does — but no more. The practice 
of putting abnormally large heads upon machines otherwise of moderate 
resisting power, as was done to a (a)nsideral)le extent at first, by no 
means makes a high-speed machine of an ordinary one. There is no 
more reason for ))utting a tremendous head u|)on an ordinary machine, 
producing a mog.acephalous monstrosity ("liydrocephalous,” somebody 
has facetiously remarked, pos.sibly in reference to the designere rather 
than to such machines themselyes’), than there would be in using an 
immense tool without a suital)le support. The head must have solidity, 
however, and must l)e large enough to allow for the increased size of 
bearings necessary for the higher speeds and heavier driving; and in case 
gears take the place of pulleys, to accommodate the change gears requisite 
to the type of machine. It is important that the attachment of the head 
to the i)rd or body l)e such as to insure the greatest possible stability; 
and this precludes, e.xcept in machines of special type intended for special 
service, any adjus^cbility' of these parts. A satisfactory attachment 
is of course possible if the contiguous bases are sufficiently large, well 
fitted, and securely bolted. No such attachment, however, can be as 
rigid as if the parts were made in one solid piece; and some of the best 
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types of machines now liave franie or bod and head cast in a single piece. 
This naturally involves larger and more complicated castings, and it 



Fia. 244. (JuuiJ example of English lathe design. Darling Sellers. 



Fio. 245. Section through Darling & Sellers lathe bed and carriage. 

>Nould l)e interesting to learn if the same results might not be obtained 
by ca.sting jn two jiieces (or more) as heretofoiu and making them homo- 
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geneous by one of the several processes of welding now successfully 
employed in other ways. There seems to be no reason why this should 
not be the solution to the rather vexing problem of how to secure the 
largest amount of rigidity with moderate cost of manufacture. 



Fig. 246. Wurruir & Swaney licxtmon turret latlie. Head and bed cast in one piece; direct connected 
motor drive, fiat turret carnage. 


Proportions of Bearings. - Properly proportioned beaiings are much 
more important in the new machines than formerly even. Not only 
is the highly increasetl speed to be considered, but also the very largely 
increased pressures. To meet these conditions the bearing surfaces 
must be large, and of material best calculated to resist wear and to 
avoid friction, (’onsiderations of space as well as of rigidity make it 
preferable that the augmentation of bearing surface should result from 
increased diameter rather than greater lengtli. This permits also the 
use of hollow s])indles, which again tend to greater strength and rigidity 
and permit the better use of gears in the driving mechanism. 

Lubricating Devices.—In machines of the types heretofore standard 
the matter of lubricating bearings (and gears, when used) has not been 
particularly troublesome. Under the new conditions it is less .simple. 
The tremendously im-reased pressures and friction make it necessary 
in many, if not in most cases, to provide some means to insure free and 
certain lulirication. This involves often the designing of special devices. 
An ingenious example is that used on one high-speed lathe, Fig. 250, 
wherein the bearing is surrounded by an oil-filled well. Oil is con¬ 
tinuously dipped ai d carried in sufficient quantity to the highest part 
of the spindle and is conveyed to all parts of the bearing through the 
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customary oil grooves. A glass tube inserted in front and properly 
protected serves as a level indicator. In another instance (Fig. 247) 
the gears are about half immersed in oil contained in the pan formed by 
the gear case. Of course both are well covered. In the case of certain 



Fio. 247. H<*a(lsto(‘k of hnrtness flat turret lathe. Cover removed to show gears and oil pao. 
The gears run in oil. 

x’ery heavy duty machines it has been found desirable to force oil into 
the bearings l)y small force pumps. 

Secondary or Tail Stocks.—In machines requiring a secondary stock 
for the support of the work turning on centers, as in the case of the 




Fin. 248. Making a lathe center with a high-speed steel cone. The welded spindle with bur, and same 
completed. Courlesy Thomson Electric Welding Coinpatiy. 

engine lathe, this tail stock must be designed with reference to heavy 
service; that is, with sufficient base, lieavy weight, and security in 
fastening to Ije in balance with the head stock. It is desirable that 
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there be some provision for positively bracing it against the bed. The 
tail spindle, and indeed all centers subjected to much wear, should by 
all means be of high-speed steel. It is not necessarily solid, however, 
for it is sufficient if a high-speed steel center end be welded or otherwise 
securely attached to a tool steel shank. In large machines it is desira¬ 
ble that the tail stock or secondary head lie moved as required by an 
auxiliary motor. 

Tool-Holding Requirements.—Much attention has heretofore been 
given to .securing a great variety of adjustments in the mechanisms 
emplo^'ed to hold the tool and to bring it to its work. The result is 
that compound rests have not infrequently been “ fearfully and wonder¬ 
fully made,” in order to give a maximum of adjustment and movement. 



While of course refinement of adjustment and facility in l)ringing tool 
and work together arc desirable in high-speed cutting also, it is .still 
more desirable that they be brought together as rigidly as possible. 
Every joint means a reduction in rigidity; and in work requiring freedom 
from this to the extent neiossary when working high-speed tools at a 
high efficiency, evidently the fewer slides and other adjustments, the 
letter calculated is the machine to do its work with the minimum of 
vibration. Absolute freedom froju vibration is not possil)le in a cutting 
machine. The absence of chattering or of tremors capable of being 
sensed docs not necessarily indicate that they are not present to some 
extent. At the best they can but be minimized. The tool-holding 
device and its adjuncts must compare, in rigidity and strength, with the 
rest of the machine, and require wide bases condrined with the least 
possible altitude. It is not at all essential that the shank of a tool shall 
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be horizontal, in the case of a lathe, for example; so that there need be 
no difficulty in considerably lowering the position of the tool with refer¬ 
ence to the working center. The same consideration holds in the case 
of all other machines. Thus that milling machine is best adapted to 
high-speed work (other things equal) which has short arms and holds 
the tools closest to the main frame; and in planing, the least torsional 
strains are thrown upon the cross rail when it is possible to cut with the 
tool point very nearly in front of the rail rather than below it. It may 
be added in this connection that the sharp angle or unusual rake per¬ 
mitted in the case of one well-known special lathe is in large measure 
due to this practical elimination of torsion in the bed, the reduction 
of slide movements to the irreducible miidmum, and the lowering of the 
tool to the greatest possible extent, lleciprocally the tool reduces the 
pressures and consequent strains, and there is insured better work 
with lower power consumption than often is the case. 

Increased Power Required, not Waste. —The powering of the new 
machines, providing them with pulling power adequate to the need.s of 
the new situation, has developed to a satisfactory state, though not 
infrequently mere modifications of former types have been attempted 
in the effort to remodel old designs — generally with small sucees.s. 
It is understood, of course, that increasing the amount of cut, in metal 
cutting, increases the power consumed; and also that increasing the 
cutting speed does the same. The increment, however, is by no means 
proportional to the greater amount of met.al removed, and it by no 
means follows that because a iriachine consumes power rapidly, energy 
is going to waste. It is demonstrable beyond ([ue.stion that an efficient, 
high-powered anil high-speed machine using a tool of the new type has 
an efficiency very much greater than the old machines even if the 
absorption of power alone be considered in relation to the amount of 
work done. In other words, on the basis of time consumed and metal 
removed, a strictly modern machine uses considerably less energy per 
unit than do the foriner standard machines. 

The Belt-Driven Machine. —Of course extremely heavy cutting i.s 
necessarily confined, in large measure, to shops doing a particular class 
of work (comparable to armor plate and gun making operations, say), 
and have a relatively small place in the ordinary run of general manu¬ 
facturing. Nevertheless, the effective use of high-speed steel in this 
very kind of general manufacturing requires high-powered machines 
also. Obviously heavy driving power is out of the question in con¬ 
nection with the multiple cone pulley, even if nothing be taken into 
account other than considerations of space and the danger connected 
with the shifting of rapidly running belts. If a lielt drive is necessary, 
that machine should be best suited to the new requirements which has 
but few steps-in the driving cone pulley (say not to exceed three), or 
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which has no step cones at all. In the latter case all variations in speed 
are of course obtained through a variable speed countershaft, a gear 
box, or the two in combination, the number of changes required being 
determined by the nature and variety of the work for which the machine 
is desired. In general manufacturing, as already intimated, a great 
variety of speeds and feeds is not only tinnecessary but often a source 



Fio. 250. I;0(1 ko & Slnplcy sinitlo-fHcc- pullcv drive in comioction witli gear box. Cover and bearing caps 
r<*iiiovc<l to .show positive lubricating device. 


of needless expense and annoyance. Wherever pos.sil)le, it is l)ettcr to 
have the machine drive suited to a small range closely accorded with 
the requirements of its special work. 

Few Speed Changes Necessary.—The gear box in connection with a 
variable sjxied motor offers a combination with which are obtainable 
a maximum number of si)eeds in cases where the work of a machine is 
much diversified. Even in such instances the nund)er of different 
speeds really necessary need not be very great. The new tools lend 
themselves admirably to wide latitudes in respect of speeds, and feeds 
also; so that in .spite of an evident tendency in some directions to require 
more rather than fewer changes, it would seem the better plan in general 
to get along with the less nund)er, except under special circumstances. 

Amount of Power Absorued.—The amount of power consumed by 
machines under fornmr conditions has been very generally overestimated 
because, among other reasons, the proportion absorbed by line and 
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countershafting anil other transmission devices has been underesti¬ 
mated. Except in ca.se of very powerful machines the energy absorbed 
per unit, while cutting, rarely exceeded one horse-power. The newer 
machine tools of similar capacity require rarely less than three or four 
horse-])ower, and not infreipiently several times as much. A 20-inch 
swing lathe, t.o take a concrete example, running at high-speed and 
taking a heavy cut, has on occasion absorbed a maximum of 30 horse¬ 
power, though its average consumption is less than 10 horse-power, 
and the minimum a good deal less than that. In turning operations, 
under favorable condition.s, the power absorbed per pound-hour of 
metal removed varies from 0.03 to 0.07 horse-j)ower, over and above 
that rcipiired to drive the machine itself. This is measurably less than 
under former conditions, where (he consumption has lieen close to 0.05 
or 0.06 horse-power and upwards. 

Belts for Auxiliary Drives. - Using up ))owerso rapidly, pulling loads as 
heavy as are thus required at the high speeds conditioning the work. 



Flo. 261. A heavy millinK riiacliiiK' with auxiliary inotorB for movenientfl other than the main drive. 


means practically the elimination of belt drives for the auxiliary move¬ 
ments of a machine, and the modification of the main drive also, as 
above pointed out, with the tendency apparently toward a main drive 
pulley, where this is used at all, of but one belt face, and that driven 
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whenever possible by a silent chain rather than by a belt. The speed 
changes and the auxiliary drives, therefore, are through gears; not only 
in the main drive, but in the feeding and other movements wherever these 
are necessary. The gears are put under such stresses that the ordinary ones 
ai'e quite unsafe, and only steel or bronze is permissible as a material in 
view of the limitations necessarily imposed as to size. Steel rimmed 
gears also are satisfactory in large sizes. Of course steel gears are 
positive — too jjositive for the safety of the machine,' it is sometimes 
urged; Init shearing ])ins or other safety relief devices obviate any possible 
objection on this score. It is important to bear in mind that the feed¬ 
ing stress may \mder abnormal c,on<litions (as f)f a very dull tool, for 
example) quite equal the driving stress; and it is therefore e.ssential that 
the feed mei'hanism be, if not just as powerful as the drive, certainly 
ade(iua1,e to the probable exigencies to be met in the operation of the 
machine, and therefore much stronger than usually found under former 
conditions. It is <lesirable also that all high-speed machines be pro¬ 
vided with good braking devices for quickly stopinng should occasion 
require. 

Relation of Powering to Capacity.—It seems to have been a pretty 
generally recognized ])rinci|)le of machine d(^sign, ]irior to the advent of 
the high-speed era, that the massiveness and powering should increase 
projiortionately to the capacity, or more ])reciscly, the size of the piece 
the machine could accommodate. If there ever was any reason for this, 
there is none in the case of the new' tools, t^uite e\'idently a machine, 
say a lathe, required for working down a 4-inch bar, may be required to 
cut just as fast and to take as heavy a cut as if the bar were 12 inches or 
any other large diameter. The same gearing ami ))ovvering obviously, 
then, are required for each. 4'he exco])tion of course is where the smaller 
machine is recpiii’ed for work w'hich a<*tually is lighter in <‘harac-ter and 
which consumes le.ss power. Kven in such cases it is well to be on the 
safe side and to insist upon weight, and power commensurate with that 
commonly found in the machine of larger capacity. The point is that 
the machine be cajiable of taking off and using continuously the largest 
amount of pow'er that can be efficiently utilized by the tool. 

The Electric Drive.- While the individual motoi' drive has many 
manifest advantages in ordinai'y practice, its efficiency is not nece.s- 
sarily superior in all sorts of machine operation. In high-speed cutting, 
however, the largely increased power consumption and the desirability, 
in general manufacturing, of quickly stopping and starting machines 
when changing the ])iece under operation, strongly emphasize the dis¬ 
advantages of line shafting. The iiower lost in line transmission under 
ordinary conditions is very generally underestimated. Under the new 
conditions, wherein usually increased weight and speed is required in 
both shafting and belts, the losses are still greater and the individual 
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(or at any rate the group) machine drive comes nearer yielding a high 
effit’iency, unless possibly in the ease of small machines. Even in the 
latter ease the group drive is preferable to line transm^ion of power. 
The method of applying the motor to the machine vaiies greatly, ranging 
from a separate motor at the ceiling, floor, or other convenient location, 
driving directly by a main belt or indirectly throngh a (jeuntershaft; to 
mounting it directly upon or building it around the main driving shaft 
of the machine." The latter is probably the most effective inetHbd of 
hitching, especially when the motor is of the multiple speed type; thoiigli 
the advantages of a chain drive through a variable speed countershaft 



Fia. 252 A Lodge & Shipley high-speed lathe, direct motor connected. 


or other device are to be considered whore it is desirable to provide a 
great range of speed variations. The attachment of motors to machines 
through bracket extensions should be avoided. 

Use of Auxiliary Motors.—A development of the motor drive which 
is of striking advantage, especially in big machines, in that it does away 
with a number of complications arising from effecting auxiliary move¬ 
ments through the main drive, is the employment of subsidiary motors 
for the latter j)urpose. Thus we have a lathe, Fig. 238, wherein the move¬ 
ment of the carriage is effected by a small motor, which latter also traverses 
the movable secondary headstock. Likewise a large planer, Fig. 254, 
is provided with as many as five separate motors. The main motor 
actuates the drive, a second elevates the crosstail, a third traverses the 
head and gives vertical movement to the tool, iinother operates the side 
heads, and so on. The simplification thus possible, and the convenience 
of operation, are ample justification for the innovation. 

Limitations of Reciprocating Machines.—In wood working and the 
like operations, -rotating tools or machines are about the Only ones in 
use. There is everywhere a distinct tendency away from reciprocating 
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ti)ols, with their great losses of energy through reversing, and toward 
the larger use of machine tools which rotate either the work or the tools. 
It doubtless will be a long time before the planer, the shaper and the 
slotter are entirely displaced by rf)tary planers and milling machines. 
The day is, however, being hastened Ijy the apparent impo.ssibility of 
designing or operating these types of machines to work at an effective speed 
approaching that of rotary tools. About the highest speed commercially 
practicable with a planer is about 60 feet per minute; and this is not at¬ 
tainable in general practice under iKvrmal conditions. If greater efficiency 
is to be attained it will doul)tless be through the perfection of clutches and 
a modification of the method of changing the direction and rate of motion 
at the beginning and end of each stroke. Already progress has been 
made in this direction, and planing m.achinos arc now designed so that 
the tool starts into tlie work at a speed which does not damage either 
tool or machine, and is rapidly accelerated after entering the work to 
the maximum permissible in the operation of machines of this type. 

Taking Care of the Chips.—When cutting speeds and feeds are moder¬ 
ate, taking care of the (dii|)s ]iresents no difficulties to speak of. When, 



Kiu. 254, Chip breaker (cover reniove(l) im used on Hartness flat turret lathe. Taken by permission 
froiu Machine Buihiine for Profit," by Jame«t HartnosH 

however, they come off so fast, as has been the ctise in certain instances, 
that the operator is obliged to exercise considerable agility and caution 
to avoid being entangled in and burned by the hot cliijjs, or where it 
requires the services of two laborers to keep the machine clear enough 
of chips to permit effective operation, as was the case in a certain experi¬ 
ence, the problem cannot be disregarded. Unless attention is given to 
it in machine-(and tool) design, steel chips are liable not only to injure 



Fig. 255. An immensely large planing machine. Weight, 84.5,000 pciundi^. Five separate motors, with an aggregate of 207^2 horse-power, ofierate this gohatb, 

the main drive being by a 100 horse-power motor. 
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the operator, as in the extreme cases cited, but accumulate with such 
rapidity as to be otherwise troublesome. Most of the difficulty arises 
in the case of steel turning, by reason of the length of the curled chip. 
This feature is very simply cured by some device attached to the tool 
or tool post which bends the chip as it comes from the tool so it is broken 
into short lengths, say two to four inches each. An adjustable chute 
or other conveyor to carry away the short pieces is desirable. 

Summary.—The remarks here made with reference to features in 
machine tool design desirable in connection with high spc(!d steel tools, 
are applicable (except as specifically indicated to the contrary) to practi¬ 
cally all types, whether used for turning, planing, milling, boring, drilling, 
or what not. The points to be emphasized may be summarized thus: 



Fio. 256. Work of the chip breaker. The six groups of short chips were produced by a rhip-l>reukmg 
turner. The fine, curling chips were not run through the breakt'r. Taken by ijcrniissiori, from 
"Machine Building for Prohl,’’ by James Hartness. 


Ample weight and distribution of material to insure the maximum 
of rigidity. 

Elimination of all joints, movements and connections not absolutely' 
essential to the kind of work to be done. 

Ijocating tool as near the base (frame or bed) of the machine as possible. 

Strengthening of main and sub.sidiary drives and substitution of posi¬ 
tive powering for uncertain belts and step cones. 

Reduction of speed changes to the minimum required in the special 
class of work demanded. 

Direct individual motor drive wherever feasible. 

Provision for taking care of (Eips. 


CHAPTER XTX. 


RRMODFlLINd AN ()]J) KXiUlPMRNT. 

To Scrap or to Remodel .—X vvell-ostaldished canon of imlnstrial engi¬ 
neering is that if a new machine will save its cost in live years, it .should 
by all means be installed and the old scrapped. Not a few concerns 
make it a regular practice to supplant e(pii])nicnl., even when com¬ 
paratively new, with other it a saving half as great can be shown. If 
this ])rinciple were to be closely followed in all establishments, there 
W’oidd now be a great amount of second-h.and machiruu-y easily obtain¬ 
able. In many ca,scs the saving to be effected by the new tools is 
insufficient to warrant scrapping existing installation. Under these 
conditions, and likewise where manag(U’ial consc'rvatism or ex[)ediencv in 
reference to capital recpiired, make il necessary to use old nnudiines with 
the new tools, it is ini])ort.ant that some attention be given to the matter 
of remodeling them and bringing them into better condition to get good 
work out of the tools. Many a machine, in a general manufacturing 
shop at any rate, can by remodeling, or (!ven by some minor (dtanges, 
be brought into a high state of eliiciency under the new conditions. 

A Case in Point.— For example, a large capacity lathe, or rather one 
of large .swing, is re([uired to take light cuts oidy. Its weight, strength, 
and pidling capacity ordinarily will be (|uil,e sufficient for a very con¬ 
siderable increase in spewed, with jiossibly a modilication of the driving 
pulley; and by similarly changing the cones of the feeil drive, or better 
by substituting gears, a considerable increase in feed traverse also is 
obtainable. Such a modification practically makes a high-speed ma¬ 
chine of an ordinary one, adapterl to the, particidar work mentioned, and 
is possible in a good many cases. When undertaken, however, it is 
important that the Ixiarings be suitable to the new' conditions. Other¬ 
wise it may bn necessary to put an entire new driving head upon the 
machine. 

Simplification in Remodeling—Powering.—Such a new head, or 
possibly .a modification of housings and accessory parts in the case of 
machines of other types, must be designed not only with heavier bear¬ 
ings, but with prov''-! >'is for lubriiaation both ample and certain. Unless 
this is done vibration and excessive wear, with the resultant chatter¬ 
ing, are a natural consetiuence. Under the circumstances mentioned 
most machines now in use are stiff .and solid enough to stand a mod^ 

20.5 
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erate amount of heavier duty, if the driving parts are made propor¬ 
tionately as effective. This is particularly true in the case of general 
manufacturing, where the work is mostly repetitive, the pieces of mod¬ 
erate length only, and the tools or work guided by jigs and other like 
devices. In such ca.se.s the re-designed driving parts can be very much 



Fiqs. 257 aud 258. A drill prpsH rpmodeled, to adapt it (o liiKli-Hpeed drillinR. Coiirttfsy of Crocker- 

Wheeler (’oinpaiiy. 


simplified by the elimination of all superfliious .speed gears and move¬ 
ments intended to give facility and convenience in miscellaneous work. 
The expense of thus remodeling a machine necessarily used in general 
jobbing is not infrequently prohibitive, and about the only thing that can 
then be done is to ^ve a little increased speed and feed, to the limit of 
the machine’s'capacity; and perhaps to increase the driving power .some- 
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what by the substitution of broader and larger driving cones. In the 
case of motor driven machines the motor should be, if it is not, capa¬ 
ble of carrying overload sufficient to meet the requirements of the inter¬ 
mittent increase in its work. 



I'Vi 259 IncroaMi’ III size of fcrql i;oiir on an old lallu'. Duo (o inoroiisod food poMfulilo with tho new 
slct-l.s Dih“ of many wais m vvluoh old iriachmes iiiav bo robuilt to meet the now cooditionH. 



Fio ”90 Fffoct o( incroasmK muterially the |)ull upon a planer not dosjgnod for high-apwd service, 
and a method ol piovontion Stool gears are preforrod. but in thia caw a st^J rim shrunk upon 
■in iron huh as an omorgenov measure, and worked all right. Courtesy of Mr. H. W. Jacobs. 


Special Attention to Gears.—In overhauling a imuffilne with a view to 
use with high-speed ils it is essential that all gears should be replaced 
which are much worn or which are not both truly made and strong 
enough for the new service. In many cases it may be necessary to 
replace cast-iron gears with bronze or steel ones, or where they are large 
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enough to warrant, with steel rimmed (and preferably also steel or 
bronze bushed) wheels. Especially in reciprocating machines like' 
planers, any large augmentation of the work done is likely to be accom¬ 
panied by a stripping of gear teeth during the reverse and the starting 
of the tool into a fresh cut. The stopping and the sudden starting 
absorbs an amount of power frequently not suspected; and the momen¬ 
tum is greatly increased by the additional speed — where the design of 
the machine will permit such increase. To provide against stripping 
under these circumstances the gears must be strengthened as already 
indicated. 

Modification of Reciprocating Machines. —Sometimes a machine of 
this reciprocating type, not otherwise capable of increased speed but 
strong enough to stand it, can be better adapted to the new tools by a 
re-designing of the driving apjiaratus and the use of clutches or the 
modification of those already in use. At the least it is usually possible 
to increase cuts, even if not sjjeeds, through such modifications. 

As to Worn Machines, -(,'onccrning the many machines likely to be 
found in a shop devoted to general manufacturing, machines likely to 
have been in service for some time and therefore more or less worn, not 
much can be said without an understanding of the particular conditions. 
Often nothing is possible c.vcept to take advantage of the longer wear 
of a tool, that is, the less freipient need for grinding, white running at 
the usual speeds, though jxissibly with some increase in feed. In other 
cases it is possible, and therefore expedient, to run at the highest speeds 
jjossiblc without remodeling the machine, getting all possible out of it 
within the shortest time, thim scrajtping it when too much worn to 
work with sufficient precision and freedom from vibration. 

Spring in Frames. —In machines like drills, and even planers, espe¬ 
cially when the ho\isings are considerably separated to allow largo pieces 
to be worked, there is likely to be more or less spring in the rail or in 
the parts bringing the tool arid the work together. This is bad enough 
when ordinary tools arc used, and is the freqitcnt cause of tool breakage, 
especially of drills; but if advantage is to be taken of the higher speeds 
and feeds often possible, attention must be given to so strengthening 
these parts or so su|)i)orting them that there shall be no spring. If the 
frame of such a drilling for other) machine is weak, little, if anything, 
can be done. If the trouble lies in worn bearings for the brackets 
supporting flu; table, or to spring in them, they can usually be solidly 
blocked against the base and the proper d(^groe of rigidity secured. 

Spindles and Tool Position. -It should go without saying that worn 
spindles are not permissible in high-speed work; and if there is no pro¬ 
vision for taking up the wear, they would better be replaced. The same 
thing is true of all studs and other bearings, and applies as well to all 
slides and adjustments. In many cases those need strengthening as 
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well as refitting, and usually also may be modified so as to bring the 
tool position nearer the supporting frame or bed and thus decrease the 
liability to chatter. All slides and adjustments not absolutely neces¬ 
sary should be eliminated and the tool holding and adjusting parts made 
as ri^d as possible. 



CHAPTER XX. 


STATEMENT OF THE PUOBLEM. 

Position of High-Speed Tools.—Revolutions do not usually happen 
in a luonient, in the industrial world. Perhap.s it were better to say, 
they do not hajipen at all; for itulusfrial progress is evolutionary rather 
than revolutionary. A new invention does not iniinediately up.set 
prev.'iiling conditions, hut gradually takes its proper ])lace as an economic 
factor while it is being developed and adapted to existing conditions — 
or .as not infrcipiently happens, while comlitions are changed to meet 
the new' order made possible. So it has l)een in the case of high-speed 
steels. Their capabilities and limitations are by no means definitely 
fixed even yet, though they have already taken a place in production 
engineering imi)ortant to a degree .scarcely erpialled liy any other discov¬ 
ery in recent years. .-Mong witli improved meth()ds of rapid transport 
and handling of materials, and of rational organization and administra¬ 
tion, the new tools are surely, if not precipitately, bringing about a new 
order of things in,the metal industries, and to a con.siderable extent also, 
indirectly, in other industries apparently not closely related. 

Cost Reduction as High as One-Third .—A manufacturer of largo 
interests is quoted as saying that in his plant the cost of prodfleing 
machines has been reduced a fourth to a third, directly through the 
economies permitted by the >ise of high-si)ced steel tools and the indirect 
economies necessitated by the reorganization of the shop methods and 
shop administration. This may be an unusual (uase; perhaps it could 
not be duplicated in a manufacturing plant producing a greater variety 
of output. Perhaps also it is not possilile. in many cases (though parallel 
instances could be mentioned) to find, as in this one, th.at the labor-time 
on a single piece could be reduced .as much as 9.5 per cent, the product 
being at the same time better than before. 

The Case of Tire Turning.—The turning of locomotive drive wheel 
tires, to mention a case under different conditions, likewise is indicative 
of the wonderfrd development in metal cutting possibilities. Not so 
long ago one and a half to two days w'as the time commonly consumed 
in turning up a pair of drivers; .and very recently indeed, the perform¬ 
ance of the job in half a day, or a little less, w.as looked upon as a feat 
worthy of ijttentio'n. Now', however, it is not only possible, but it is a 
regular commercial performance, to turn up Ijadly worn tires as large 
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as five feet in diameter, at the rate of a dozen or so in a day of ten 
hours—the time re<juired for placing and removing the wheels included. 



Flo. 261 TunniiK locomotive dnvers at the rate of a dozen or more puirw a day uecessitntes facilitios for 
rapid handlmK, ua here shown. 


Astounding Economies not to be Expected.— The publicity matter of 
high-speed steel makers and sellers sets forth in glowing term.s examples 
of wonderful performances and astonishing savings effected. There is 
no need to question the accuracy of the instances cited. Doubtless 
even the most extravagant is capable of verification; and certainly 
none is likely to be m.i'e wonderful than those mentioned above, or than 
such as might be found in almost any average shop. Manifestly, how¬ 
ever, such remarkable savings are not possible in all cases, nor perhaps 
even in many, considering the great diversity of conditions affecting 
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the different kinds of jobs in general manufacturing, and the differences 
in efficiences everywhere existing. Indeed, the authority just quoted 
particularly mentions that in his own business of machine building, 
roughing work, in which he makes the greatest showings, does not exceed 
one-third of the work required, and that consequently a very large part 
of the saving is on this third part. It is not at all necessary that such 
showings should be common. The ordinary performances of the new 
tools, even under conditions allowing only moderate efficiency, are 
marvelous enough. 

A Modem Miracle.—The possibility of cutting refractory metals almost 
as if they were cheese is another of the modern miracles — a miracle 
already liecome commonplace. Only recently cutting at something like 
20 feet a minute was considered reasonably satisfactory; and this rate 
was proliably al)ove the average in most shops, though indeed speeds 
as high as 60 feet per minute were not unheard of, and some consideraldy 
higher than that are recorded as having been attained. 8o far as can 
be learned the maximum sj)eed attained with carbon steel tools was 
about 100 feet per minute; and this was under the most favorable con¬ 
ditions of cooling and chip removal, conditions involving a complicated 
system of appliances and devices scarcely applicnilile to ordinary com¬ 
mercial work. Half as great a s])eed may well be considereil to have 
been the commercial limit, under the old conditions — a limit not 
attained in practice to any considerable extent. 

The Passing of Traditional Conditions.—Such speeds, or rather such 
extreme lack of speed, was in a sense distressing in an age where rapidity, 
time-saving, nerve-racking haste has come to be characteristic — where 
seconds count as hours did not in times within the memory of inost of 
us. The days are i)ast, or at any rate are swiftly passing, when it is the 
regular thing to see a piece of metal lanily creeping round and round, 
the tool paring it down at a snail’s pace; the operator the while listlessly 
lounging near, merely keeping ati eye upon the machine to see that all 
is going properly. And it is well that it should so. Efficiency is 
come to be the w.atchword of modern civilization, and of industry the 
slogan. Hence the new tools, or possibly newer ones of still higher 
possibilities, must eventually crowd out the less efficient wherever 
efficiency counts, and must at the sanie time bring about very great 
concomitant changes in all the conditions touching or involved in the 
metal working arts. 

But these changes are not yet accomplished, taking productive in¬ 
dustry as a whole. They are only in process,-and completed, relatively 
speaking, oidy in isolated industrial units. Hence it is worth while to 
inquire into the situation, not so much perhaps to discover why high 
speed steel tools are as yet used so little, comparatively, as to determine 
if possible what problems are to be solved, and how, in order to take the 



STATEMENT OF THE PROBLEM 


303 


fullest advantage of the new steels consistent with expediency. So 
much, at least, should be done in all cases. Only that ultra conservatism 
which spells bad management would permit less. 

Hon-Uniformity of Material.—A serious difficulty in not a few shops 
is that connected with the lack of uniformity in the hardness of the 
material to be machined — a difficulty which sooner or later is en¬ 
countered in every shop. Castings every once in a while, for some 
unaccountable reason possibly, come so hard as to play havoc with 
ordinary tools. Occasionally the same thing happens with steel stock. 
Only a few pieces at most can be finished until the tool requires re¬ 
grinding. Possibly, in extreme cases, several grindings are necessary in 
order to finish a single piece. Or it may be the stock specified and 
required in a given part, is uniforndy so hard as to be ])ractically beyond 
ordinary tools —even mushet steel being able to make but a sorry show¬ 
ing. Instances of this sort are by no means infrequent; and there can ha 
no question as to the expediency of using high-speed tools, even though 
there be no gain in speed or cut — as most often there may be, never¬ 
theless. The gain here will certainly be great if only the loss of time 
in grinding and setting tools be taken into account; and it is likely to 
be considerably augmented by the saving which arises from the elimi¬ 
nation of tlie need for scra])ping many parts because of inaccuracy such 
as necessarily accompanies those conditions, when only carbon steel 
to(ds are available. 

Especial Field for High-Speed Tools.—The es])e(dal field for high¬ 
speed steels, or rather tlie kind of work in which it shows up most favor¬ 
ably, is that involving the removal of large quantities of metal, as has 
been jiointed out elsewhere. Here the Taylor doctrine of running tools 
(these having been suitably designed, standardized, anti treated,) at 
speeds high enough and feeds and cuts heavy enough to nece.ssitate 
re-grinding at intervals of about one and a half hours, can be practiced 
to the best advantage; and here it is that there is most rea.son for his 
dictum that the one who does not do so, does not know how to cut 
metals most efficiently. 

Scrapping not Generally Warranted.—Saying nothing of the great 
variety of work where heavy cuts are not only unnecessary, but undesir¬ 
able, and where the highest speeds are impracticable, it is to lx; observed 
that the conditions of maximum effect are dependent not alone upon 
the tools, but upon a considerable number of concomitants, the most 
important of which perha])s is the machine equipment. Obviously it 
is desirable that this latter should comport, in possibilities, with the 
tools as applied to the partievdar jobs. But average machines as hereto¬ 
fore used, and still in use lor the most part, by no means measure up 
to this standard. Li a few instances concerns have adopted the radical 
policy of replacing entirely all equipment not capable of using the new 
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tools to their maximum capacity, with other that is so capable. Clearly 
siK^h a policy is in line with “ f^ood business ” when the economies te 
be effected are great enough to warrant the expcnditure.s. But in 
niiscellaneous manufacturing it seems quite certain that they are not 
always so. Take for example that very large class of operations upon 
small pieces reduplicated in large numbers and generally requiring but 
little machining: The limit of the operator’s endurance, and therefore 
the limit of output (except po.ssil)ly through the adoption of an auto¬ 
matic machine — which is as yet impracticable in the va.st majority of 
rases), has under these circumstances usually been reached. 

Place of the Automatic Machine. —Of course if an automatic machine, 
or even a semi-automatic requiring a minimum of .attention and skill 
from the ojrerator or attemlant, is feasible — which is to say, if such a 
machine can be built without being very complicated and expensive 
to maintain ~ the problem changes again, and it would be desirable 
to build the machine. But whether this be feasible or not in particular 
cases, there is a side to the high-.s])(!ed problem often overlooked, in this 
very matter of the endurance limit of the operator .and the related 
])syc.hological and sociological effect of the deadening monotony involved 
in feeding stock into, and practically becoming an attachment of a 
machine. This is not deemed the place for a discussion of this aspect 
of the new-tool problem; but it is an .aspect which will year by year 
become more insistent for solution and which must sooner or later be 
squarely faced. And when that situation aiiscs, the indications now 
are that the increa.sed development and use of the automatic machine, 
with its large possibilities in the w.ay of high-speed tools, will be an 
important factor in the ultimate solution. 

Limitations Imposed.- Not only is equipment wanting, in the great 
majority of cases, but ex])ediency prevents the scraijping of machinery 
still in good, f)r even in moderately good condition, and the consequent 
large expenditures for new’. On the other hand also there are a good 
many jobs where the inherent conditions are such that the machines in 
use are quite competent to do all, or nearly all, th.at would bo po.ssible 
in any machine — where the efficiency of a cutting tool is to a consider¬ 
able extent limited by the nature of the job itself. Take, for example, 
the imachining of a heavy casting, where the machining itself amounts 
to little and occupies but a small fraction of the total time necessary 
'for the complete operation. Incre.a.sod cutting speed manifestly would 
bo of no considerable .advantage; and neither would heavier feed; like¬ 
wise there could be nothing gained by deeper cuts, except in special 
cases, for these woidd merely involve molding the casting larger than 
necessary, for the mere sake of removing it again. The special cases 
would be typified- by that wherein it is recpiired to mohl the casting 
considerably heavier than the finished size in order to minimize distor- 
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Fio. 262. The automatic machine will be an important factor m the solution of the psychological and physiological problems involved in rapid pro¬ 
duction. The need for tools having extreme endurance, so as not to require frequent stopping of the machines for changing or sharpening, is apparent. 
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tion or possible breakage during a series of operations, or where the 
nature of the casting partly chills the surface to be machined or leaves 
it with a skin naturally hard on a cutting tool. Here a deeper cut would 
be desirable; but the machines already installed generally would be 
quite able to take ('are of the increase required. 

Two Extreme Classes of Jobs. —From jobs of these sorts it i.s a far 
cry to those at the other extreme where long and heavy cuts and high 
speeds are obviously the thing; and between these extremes lie jobs 
of .all gradations as to cutting possibilities. Lying in the lower ranges 
would be those where the only economy in high-speed tools would be 
the lowered cost of tool and tool maintenance, and those where under 
))reviuling or former conditions many jheces were necessarily scrapped 
because of breakage or imjcerfect workmanshij). The apparent ])aradox 
of chcixper tools is tomdied on elsewhere, but may be said here to refer 
to the relativ('ly long life of such tools, the more particularly of com¬ 
posite tools, and the consequent distribution of tool cost over a very 
greatly increased product The scrapjung of many pieces which has 
seemed necessary to and iidierent in tools and methods heretofore in 
use, can be e.liminated to a material extent through the use of high¬ 
speed tools, in most instances without any change in machines. Such 
a saving may easily be considerable while still not iqipearing in a 
((hanged labor rate. 

Operations with Short Cutting Times. —Keferring again to jobs such 
as have just been mentioned, where the cutting time is relatively small; 
there may be many such where it is quite possible to use higher speeds 
or heavier feeds to such an extent t,hat the cutting time becomes negli¬ 
gible, or nearly so; and thus the second or third machine which is under 
present, or was in recent practice necessary to keep the operator busy, 
can be dispensed with and capital (and conseciuently depreciation, repairs, 
etc.) therelry reduced while at the same time available floor space is 
increased. Here also there woidd be a saving quite appreciable, which 
nevertheless would, under usual methods of (xist accounting, not appear 
in labor cost — a saving which might, or might not, necessitate the 
installation of a heavier machine, according to the conditions in par¬ 
ticular cases. 

Immediate and Ultimate Considerations. —Evidently the problem is by 
no means, or at any rate not at all nece.ssarily, one of disposing of old 
and installing new equipment throughout an average plant. Unquestion¬ 
ably high-speed steels, if the standing offer of certain makers to replace 
with positive economy any ordinary tool with one of their own make 
can be backed up, are bound ultimately to displace almost, if not quite 
entirely, the less efficient kinds. Even now it is not so often a question 
ns to whether or not a high-speed tool shall be used, but rather as to 
expediency in reference to the equipment in which the tools must be 
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operated. Ultimately of course the question of profitableness will 
determine, as it does practically all questions in industrial engineering; 
and if, when all is said and done, a new tool or a new machine, or both 
in conjunction, will yield a product cheaper and better than before, then 
the old must inevitably give way Ur the new sooner or later — and 
usually sooner than later. For the present, however, the problem, 
in so far as it con(tcrns the shop or factory in general rather than tho.se 
special cases already imlicated, seems to be less a general than a specific 
one. In an offhand way it may be said with assurance, almost as a 
matter of course, that high-speed tools should lie used to the largest 
po8,sible extent in all metal-cutting .shops. But the real question is, 
just what shall lx; done in this or that speinfic, particular instance? 

How the Problem Works Out. —Here is a job, let us say, to be performe<l 
under definite conditions; and such and such machines are aviiilable for, 
or possibly are actually performing, the operations. Is it possible to 
reduce the cost of these oper.ations, or specifically this one operation, by 
the use of .a high-speed tool and heavier or fasbu' cutting? If so, to 
what extent are the available machines capable of realizing the ideal 
conditions, if utilized without modification? If this performance falls 
short of the .attainable maximum, can the machine lx; altered or rebuilt, 
without prohibitive cost, so as to yield this maximum while still not 
working disaster upon the m.achine and wiping out the gain through 
heavily increa.sed maintenance cost? This latter point is one seriously 
to be considered, in connection with the subject of equipment in gen¬ 
eral, as w'ell as in cotinection with specific cases. It is found possible 
to speed up a machine still quite serviceable under ordinaiy conditions, 
so as to yield a considerably larger output; but directly it m.ay be found 
also that gears break frequently, and belting gives out rapidly, and the 
expense of repairs in general is possibly as much as doubled. This of 
course does not always take place; but it may do .so, and is frequently 
to lx? expected. The limit of the machine’s endurance, that is, the 
point beyond which maintenance cost becomes cxces.sive and e.xpensive 
delays through brciikdowns are invited, is carefully to be considered; 
and ajong with it the rapid wear under the severe conditions for the 
meeting of which it was not designed. 

The Power Problem to Receive Attention. —Furthermore, the matter 
of power consumption needs attention. Not that the increa.scd amount 
of energy required for taking care of the greater amount of work done 
need occasion serious concern. Under proper conditions the total 
power required for doing a given amount of metal working will actually 
be le.ss than under old conditions, though indeed it becomes necessary 
to concentrate or localize it largely, so to speak. In attempting to 
speed up old machine ; designed only for moderate speeds, the amount 
of power absorbed by the machine itself, not considering at all that 
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entering into the cutting, may easily become surprising. It is not so 
unusual as might be supposed in the absence of actual measurement^, 
for a half of the total power delivered to a machine to be thus absorbed 
in overcoming friction. Under such circumstances the speeding up of a 
whole plant would evidently necessitate a very large augmentation of 
power plant capacity. 

When a Machine is to be Superseded.—When it is evident that a 
machine already installed cannot economically or effectively meet the 
desired requirements, the question arises as to the displacement of the 
machine with one capable of yielding the maximum output with min¬ 
imum maintenance and operating cost. Questions of temporary expedi¬ 
ency aside, there are pretty definite conditions, though varied according 
to the nature of the individual cases, under w'hich a new machine shouhl 
replace an old. Quite plainly if the required output involving a par¬ 
ticular job or a closely related class of jobs is sufficient to keep the 
machine busy practically all the time, and the required increase in out¬ 
put must be met by additional equipment anyway, it is then not only 
de.siral)le to install an up-to-date machine, which liy its increased effi¬ 
ciency will be able to take care of the required increment, and probably 
more; but it is folly not to do so. Even though the n\achine be idle 
a considerable portion of the time under the new conditions, the econ¬ 
omy is like to be more than great enough to warrant the change; and the 
same often will be found true when even the old macliine is not used 
nearly to its capacity. The common rule that a machine is to be replaced 
whenever a yearly saving or ten to twenty per cent of its cost can be 
shown, has ’ been referred to already. In the consideration of such 
changes it is to be remeitibered that a machine not sufficiently produc¬ 
tive or powerful to allow efficient use upon one job or class of Jobs, may 
still be suited to economical work upon another whose requirements are 
less rigid; so that the displacement of a machine is not necessarily the 
same as scrapping it. 

Re-design of Jigs, etc.—Not only must the machine be capable of, and 
adapted, so far as may be, to heavier duty, generally speaking, but 
especially in reduplicative work jigs and other holding or guiding devices 
will need re-designing or remodeling. Magnetic or air chucks and jigs 
will largely displace the cund)ersome lug or screw fastened holders still 
generally used, so that a piece of work, oi’ a number of pieces simulta¬ 
neously, can be instantly fastened securely and held firmly during the 
operation, and as quickly released when the job is completed. Like¬ 
wise it will be necessary to devise something more substantial for hold¬ 
ing work turning on centers than the bent tail dog, whose wagging is 
not tolerable under the new conditions. 

Manufacture or Purchase of Tools. — Intelligent production and han¬ 
dling of the tools is a factor in high-speed production second in importance 
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to none other. The actual making of tools is best not undertaken at 
Iprst, except perhaps in large plants. They can be readily purchased 
made up to specifications fitting them for the particular work required. 



Fio. 203. Kntl milling. Uhp of inaKnefic chuck ftir quickly clamping and securely holding work. 
Courtesy (.’mcinnati Milling Machine Company 


The purcha.se of all standard tools will be most economical, in general, 
for all shops except possibly those especially equipped for their manu¬ 
facture, though it may well be that such simpler forms as lathe tools 
and the like can be produced within the plant itself. Even this is not 
advisable unless there be suitalde facilities and tool-makers expert 
enough to make tools of uniform and high standard quality. Experi¬ 
ences with tools manufactured under uncertain conditions and by inex¬ 
perienced hands, and therefore of uncertain quality and uniformity, are 
likely to prove unsatisfactory and disappointing. In the beginning, at 
least, it is safest to buy all tools ready made, gradually training tool¬ 
makers to the proper handling of the new steels and substituting for 
those made outside only as experience shows the possibility of producing 
within the shop others equally certain in quality. An alternative of 
course is the employment of one or more experts to undertake the tool¬ 
making problem, and in large shops to train the rest of the tool makers 
to the new tricks of the new trade, so to speak. Unquestionably this is 
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an excellent thing to do anyway, in places where naany tools are manui 
factored; and even then it will l)e no day’s task to educate men brought 
up under the old conditions to the new requirements in tool making. 

Expert Direction.—Such an expert might have charge also of the 
development of the high speed stiel problem throughout the plant, with 
a large responsibility in the matter of educating the machine operatives 
also, to the new situation. The old proverb holds good in industry as 
elsewhere — it is hard to teach an old dog new tricks; and it takes time 
and not a little persistence to educate a man out of the 25 foot speed 
and inch feed rut and induce him to take advantage habitually of 
cutting rates three and more times those to which he has been accustomed, 
even if he be walling to learn. The new tools can do much; but they 
cannot make an indtistrious workman of a lazy one — any more than 
they can increase the physical endurance of one already pushed to the 
limit \inder the old conditions. Where this limit is reached, q,s shown 
l)efore, an entire change in the method of doing the work — perhaps 
by the substitution of automatic machinery — is the obvious thing to 
do. If not, it is desirable that the hearty co-operation of the workmen 
be secured. 

Attitude of Operatives.—Not that operatives in general do not take 
kindly to the new tools. On the other hand they all but invariably 
welcome and eagerly desire to be permitted to use them.^ But it not 
only requires an expert knowledge of conditions and of the possibilitie.s 
of the individual cases so to set the pace or change conditions that tlie 
highest attainable efficiency shall be insured; but also it is essential that 
there Ije held out, through a rational and just wage system^Jike the 
premium plan, say, such incentive as will stimulate ambitious ^j^kmen 
to raise their own efficiency; and that at the same time there be'super¬ 
vision so skilled and so organized that guesswork in machine operation 
is minimized (..r entirely eliminated, and conditions hindering maximum , 
cfficiena^jfhanged so as not only to permit but to compel it. 

Maximum Production- Auxiliary Conditions.—Precisely ^ere it is- 
that a great mistake is often made in high speed tool practice. The 
subject has scarcely yet been approached, much loss reduced to definite 
standards fitting all cases. It is true that Mr. Taylor and his associates 
have succeeded -in reducing practice in certain works to a very definite 
basis; and they have obtained results nothing short of phenomenal. 
Equipment, tools, auxiliary methods, and even administration, have 
been revolutionized to create conditions making for greatest efficiency; 
and eveiw'thing (or almost everything, it would seem) is definitely and 
specifically worked out by the slide rule, and by effective supervision 
the standards thus set are actually attained and maintained. All this 
goes to show, as do similar experiences elsewhere (possibly carried out 
less consistently), that the problem of high-speed tools involves nbt only 
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Fi«. 264. Tho.japid handliog and 0ow of material ie an essential condition for obtaining largest return with high-speed twils. Here we 
have a trolley system equipped with air hoists, reaching every machine m the shop, related closely to traveling cranes and also 
(outside the building) with tne industrial railway system. 
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the mutter of tools and machines, hut is vitally (concerned with the sub¬ 
ject of shop organization and necessitates methods of supervision an4 
co-ordination very much in advance of those customarily in vogue. 
It is important, that is, not only to determine beforehand with practical 
accuracy the machine to be used for a particular job, and the most 
efficient speed, feed and cut, and the precise manner and order of doing 
the work; but for profiting to the largest extent by this possible acceler¬ 
ation, the movements of material, the facilities for storage, the supply 
of sharp tools and the method of distributing them — all these and 



Fio. 266. Auxiliary storage for materials in process requires much apace around the machine or in¬ 
volves the large use of conveying or transportation units, as in the ca-Ht; of this overhead trolley system. 
From the mam trolley track switches run to every erecting jack in the room. The assembled machine is 
Upped from the jack onto the hooks of the trolley, shunted out upon the mam track, and projiclled to the 
paint shop by a mutor-actuaUul endles.s chain provided with suitable fingers. 


other ancillary activities, systems, and methods concerned in the con¬ 
version of material into product, may need, and probably will require, 
entire reorganization. Thus, con(U'etely, it boots little that an indus¬ 
trious and ambitious workman be provided with the most approved 
superior rapid-cutting tools operated in the most up-to-date machine, 
the most efficient rates of cutting carefully prescril)ed, and working 
under a rational premium or {)ther wage system urging him on to the 
exertion of his nfiaxiraum efficiency, if at the same time he is obliged at 
intervals' to.loaf or dawdle along while waiting for material, because of 
inadequate means of transporting and handling the same to and from 
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his place of work, insufficiency of stock or of storage facilities for material, 
,or a stinted supply of sharp tools. 

Material Handling-Change in Methods.—More than likely acceler¬ 
ated production under the new conditions will mean, in most factories, 
a complete change in the methods aftd facilities for stock storage, the 
providing of more room and better access so as to permit handling to 
and from storage with the greatest convenience and ease. Heavy 
parts, as well as light, will need to be so stored, and means for mechan¬ 
ical handling so provided, wherever necessary, that the movement and 



Fio 26fi After paesinp: the dipping tank the trolley and its load are switched from the trunk track to 
storage tracks for drying. 


handling shall involve a minimum of effoi’t, of time-labor. The subject of 
auxiliary storage, storage for material iti proce.ss of manufacture while 
pa.ssing from one operation to another. Incomes highly important. 
More room will be required around a rapid production machine than 
ever before; but not necessarily for storage bins. The.se may well be 
required; but if so, ought to be of such type that they can be emptied 
into transports of appropriate sort with practically no handling, or to 
be so placed as to pomiit their being reached without any transport, 
by the operator to whom the parts next pass. 

Auxiliary Storage and Transportation.—The auxiliary storage will 
most likely need to consist mainly in a very materially increased number 
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of transport units — cars, trucks, trolleys, or whatever such units may 
most conveniently consist of, to meet the requirements of the particular • 
kinds of parts to be transported. Hand trucks, of approved types only, 
may perhaps still be used, in larger numbers than ever before; but the 
relative inefficiency of man power,* as compared with mechanical, indi- 



FlU. 267. Auxiliary ^uiragit hy haud truokH. Very well if trucks are designed to fit the cuDditloiis and 
do not occupy an amount of space not permissible. 


cates the need for displacing hand trucks to the largest possible extent 
by conveying units capable of being mechanically moved. The trans¬ 
portation system therefore will need overhauling and remodeling, with 
a probable large increase in capacity and a close interrelation of the 
various constitutents. The standard gage and industrial railway, the 
crane service, the overhead trolleys, belt and other mechanical conveyors, 
and also hand trucks where these are retained, must be so interrelated 
and efficiently operated that material will move rapidly, without unneces¬ 
sary interruption, and in sufficient (piantity always to insure a minimum 
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of lost time at the machines as well as while in actual transport. The 
desideratum will be rapidity of movement as well as ample sufficiency 
of portable storage capacity (the elimination so far as practicable of 
man-power trucks being taken for granted), so the material can pass 
along through the several processes sf manufacture with least loss of 
time and the fewest number of handlings. 

Problem of the Tool Room.— The tool-room problem likewise assumes 
a place more important than before. It is necessary that the supply of 
tools be ample, which is to say, much larger than under old conditions; but 
the system of stocking and distributing must be greatly improved. Red 
tape will be eliminated so far as possible, and provision made whereby 
the workman can quickly communicate his tool needs and have them 
quickly supplied. This may mean electrical communication in connec¬ 
tion with mechanical or pneumatic carriers, or perhaps the latter alone. 
In plants where the highest organization is for any reason impossible, 
it may mean electrical communication of some simple sort, in connection 
with boy-transportation of tools. Rut at any rate it means a change 
from present methods, as usually found, to others more in harmony with 
the spirit of accelerated production. 

Tool Supply and Maintenance. —This phase of the problem (the tool 
supply) is concerned also with questions affecting the length of time it 
is expedient to run tools in particular cases before re-grinding, which in 
turn is related to that of standard speeds and feeils; .and may mean the 
revolutionizing of the system and methods of sharpening tools. This 
latter evidently will need to be done by inexpensive labor, in grinders 
designed to operate with precision to give standard shape to cutting 
edges with minimum skill, and involves the adoption of a complete 
system of standards and specifications with respect to tool shapes. 
It likewise involves such storage facilities for tools that they will he 
least likely to sustain damage (nicked cutting edges, and the like) in 
the storeroom, and can be dispatched and delivered with promptness. 
There come in also such matters as more complete standardization and 
interchangeability of the parts manufactured, where this is not already 
carried as far as possible; and the maximum use of gages recpiiring a 
minimum of time and skill to use, even where jigs can be used most largely. 

The Array of Problems. —Such an array of intimately related problems, 
all affecting the most efficient use of the new tools, may well lead to hesi¬ 
tation in the adoption of high-speed steel as the standard tool material. 
It may seem in some cases to involve an entire reorganization and more 
or less re-equipment of the whole factory, and at the least a wide depar¬ 
ture from existing conditions. As long as it will pay increased returns to 
both factory owner and worker, clearly the new nhould displace the old. 
Gradually, of course, for revolutions such as these, as pointed out in the 
beginning, must take place naturally, else the Whole business is like to 
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Fiq. 268. The tool supply and stores problem is one of maior importance under the new conditions Storage facilities must provide not only for an ample 

supply, but against the possibility of damage to the keen-edged tools. 
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be put out of joint. And ultimately the change must come, willy- 
oilly, even to the most conservatively managed shop. So long as com¬ 
petition shall be the basis of business, ever growing keener as it must, 
the law of survival of the fittest will eliminate from that competition 
any business which neglects to take advantage of every opportunity for 
increased and more economical production, such as is offered in the 
metal industries by the extensive use of high-speed steel. 

Expert Assistance Desirable. —And who is sufficient for all these 
things? The factory manager as he is, and his force of lieutenants, 
possibly may nr)t feel equal to such a reorganization, and probably also 
are in no position to give attention to the working out of all the details. 
The employment of an expert to take charge of this part of the situa¬ 
tion has l)een already suggested. Experienced engineers stand ready to 
undertake just .s>ich commissions; and it Ls merely a matter of time and 
capital to bring any plant to the highest possible state of efficiency. 
The lack of the latter item, sufficiency of capital, will of course delay 
the complete carrying out of plans for maximum productive capacity 
at minimum cost in a good many instances, but should by no means delay 
the undertaking and its accomplishment as rapidly as circumstances will 
l)crmit. 

The Situation Summed Up.—Summing up the situation as it confronts 
the factory manager, it seems to lx; about like this; 

Old tools are to be displaced wherever it can be shown that the time 
saved in grinding and.the tool cost per pie(!e finished, even if there be no 
gain in rapidity of operation, shows a substantial saving. The new 
processes of manufacturing composite or compound tools reduce the 
cost to such an extent that the difference between their first cost even, 
and that of the old kinds, is not great enough to be seriously considered; 
and not infreipiently actually allow tools to be made cheaper than before. 

Old machines can be utilized in many cases almost or quite as effi¬ 
ciently as new ones, in the general run of manufacturing; and when not, 
can often be remodeled to a greater or less extent, as the conditions in 
the case warrant, so as to l)e moderately well suited to the new require¬ 
ments. In many cases the old ma(!hincs will be unsuited to the heavier 
duty necessary, and will need to be displaced by new, of types designed 
with the special conditions in view. Such hew machines, in general 
manufacturing involving the reduplication of parts, will be as simple 
as possible in construction, with all unnecessary movements and adjust¬ 
ments eliminated. For shops producing mainly such things as require 
or permit the removal of large weights of metal, machines of extraor¬ 
dinary strength and power will be required. 

The workman himself is an important factor in securing the largest 
returns from the nev, tools, and his co-operation is to be secured through 
a liberal wage system whereby he, as well as his employer, profits; and 
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his work is to be so adjusted that when working at maximum efficiency 
his physical strength and endurance are not overtaxed. 

The tool department will need to be carefully adjusted to the new 
conditions, the tools themselves being made within the shop or pur- 
cha,sed outside, as may he most expedient. In the former case it is 
absolutely essential that there be expert toolmakers who shall be able 
to turn out tools of the very best quality, and in the latter case it is 
important that the tools be bought according to specifications fitting 
them to the special work required of them. The distribution of tools, 
and their grinding and keeping in condition, will be so organized that the 
workman himself is relieved of the need for attending to the matter, 
while promptly supplied as his needs may require. 

Transportation and storage facilities, especially auxiliary storage for 
materials in process, must be adapted to the accelerated production, and 
so co-ordinated as to eliminate all unnecessary handling and all delays 
occasioning idle machines and worknmn. The transportation system 
will have its units so adai)ted and of such number that they will in large 
part serve for the a\ixiliary storage. Stationary storage, whether for 
stock or material in process, is to be in such form as to eliminate handling 
as far as may be, and to facilitate handling where this i.s necessary. 

.And finally, supervision of the highest order of intelligence, as applied 
to the special problems involved in the use of the new tools, is indispen¬ 
sable. It is necessary to determine beforehand what shall be the time 
and method of doing given jobs, fixing these elements and the labor cost 
at the same time, on a rational basis instead of by guess; and likewise 
to see to it that the conditions laid down are faithfully carried out. 
Such special supervision may be trained up within the plant itself; but 
in general it will save time and insure greater efficiency if the reorgani¬ 
zation be done through some outside agency, say through industrial 
engineers thoroughly familiar with the new conditions. 



CHAPTER XXI. 


MAKING A BEGINNING. 

About Tests.— About the first thing considered ordinarily, after it has 
been decided to use high-speed tools, is the making of tests to determine 
the best steel for the purpose. Much good money is wasted in this way, 
and not a few disappointments grow out of such misdirected zeal. Not 
that all such tests are useless. They have their place — which, however, 
is not at the beginning of one’s high speed tool experience. There are on 
the market a great number of the new steels, possibly more than a hundred 
by this time; and while they vary more or less among themselves as to 
composition, and therefore as to special adaptation and universality of 
use, almost any one of them put forth by a manufacturer of repute will 
do as well as another while a beginning is being made and the local 
problems investigated. In the meantime the simpler, as well as the 
better way, is to select some one standard make of steel, and use it 
exclu.sively until there shall havelfeen sufficient experience in the making 
and use of the new tools to permit intelligent experimentation and 
rational conclusions. Besides the small viilue to be placed on tests 
conducted by neophytes, or even by experts, for that matter, under 
conditions not thoroughly understood, there are several manifest dis¬ 
advantages in keeping on hand a supply of each of several kinds of steel, 
and making or using several kinds of tools for the same work. All these 
difficulties and disadvantages are avoided if, as suggested, but one make 
of steel is selected. Obviously the selection must be made with some 
care, so as to make it reasonably certain that the steel adopted for the 
time being shall be well atlapted to the general run of work done in the 
shop. It may be mentioned in passing that cheap high-speed steels are to 
be looked upon with suspicion — at this early stage of experience at any 
rate. 

Scope of Profitable Experimentation. —Neither is it worth while to under¬ 
take expensive and long drawn out experiments (others would be of small 
value) to determine cutting angles, tool shapes, standard speeds, and 
the like data of a general nature, as a basis for the introduction of high¬ 
speed tools. It may be possible to improve upon the determinations 
already made by others, or possibly to modify now accepted conclusions; 
but experiments looking toward this end may well be left until later in 
one’s experience, and the laws and facts already established and avail- 
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able for reference adopted for use until mayhap better can be found in 
the natural course of events. 

It may be said in passing that to carry on a series of experiments 
such as these, so the results will have positive value, requires much 
experience and clear thinking, arfti involves a preliminary arrangement 
of conditions not always easy to secure. Thus, to mention a single 
point, in testing one steel against another, the results will be of little 
value unless the tests be made at the same time, on the same piece of 
work or on pieces ascertained beyond doubt to be of exactly the same 
characteristics as to hardness, etc., with the same feed, speed, an<l cut, 
on the same diameter, with tools of precisely the same form and treated 
so as to develop the maximum i)ossil)ilities of each — which treatment 
may jrerhaps not be exactly the same for both tools. If allowance has 
to be made for variation in any one of these conditions, the comparative 
values (ainnot bo established with certainty. Tlie introduction once 
made and the new methods oiu^ fairly established, the workmen eilii- 
(aited to the ])ropcr management and use of t.he new tools, there will lie 
time enough to carry out any such comparative tests as may be found 
desirable. Ks))eciallv if it is attempted to manufacture all, or perhaps 
but a few, of the tools, oven under the direction of expei'ts familiar with 
the new steels, there undoubtedly vvill be enough troubles .and problems 
without the additional distractions incident to such tests. 

Each Plant a Problem in Itself.—In making a beginning, sweeping 
changes will be avoided, the development of the problem taking a natural 
coui-sc which will meiely motlify conditions as fast as expedient, until 
the whole situation shall have been harmonized with established best 
practice. Any business organization, particularly that of a big factory, 
is a delicately balanced mechanistn which cannot well be rudely dis¬ 
turbed without unlooked-for consequences. In the preceding chapter 
the sweeping nature of the changes generally requisite tor high efficiency 
have been indicated. However, it is not only inexpedient to make such 
a change suddenly, but practically impossible. The study of the local 
problem in any particular plant, the determination of what is best in the 
case of each of the possibly several thousand operations there performed, 
will require a long time and much patient study. The obvious thing 
is to place the undertaking, as already recommended, in charge of a 
competent man or a group of men selected primarily because of their 
experience with the new tools and their open-mindedness toward new 
ideas. The fixing of responsibility in one or more persons is very im¬ 
portant. If the matter be left to the several foremen, the work will of 
necessity be more or less haphazard, there will be lack of uniformity in 
the method of attack, the experiences of one department will more than 
likely be lost on another, so that much work will be unnecessarily dupli¬ 
cated, a^d in general the results will be far from what might be attain- 
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able with expert supervision anil hearty codperation from all concerned. 
With all the other conditions favorable but without such cooperation, 
the results certainly wall still fall far short; and to obtain it is in itself 
no small problem. 

Enlisting Cooperation.—The conservatism and self-sufficiency of fore¬ 
men is first to be met and overcome. Often this can be done through 
a sincere endeavor to take them “ into the game ” and consult with 
them to the fullest extent. The granting of a bonus for increased 
efficiency of their departments, as indicated by increased product and 
lowered cost, is helpful. Above all, frankness with them, and the in¬ 
culcation of a spirit of enthusiastic loyalty throughout the previously 
existing relation between them and the management, will have smoothed 
the way completely. This is not a treatise on shop management, in 
the aiicepted sense; but it seems worth while to remark that the value 
of personal loyalty to a business, of real interest in it on the part of not 
only the suj)ervisory force, but of all employees, is a most valuable 
asset — and unfortunately one to the conservation and development 
of whiidi little attention seems generally to be paid. 

The Workman an Important Factor.—While on the whole workmen 
are somewliat suspicious of efforts on tlie iiart of a management to 
enhance their productive capacity and the individual output, this atti¬ 
tude is much less in evidence in a plant where such a policy jirovails 
as that just mentionedthat of frank and square dealing with em¬ 
ployees, comprehending among other things a disposition to take the 
workmen into partnership, so to speak, and give them an opportunity 
to profit by increased exertion rather than to “ cut the whole hog ” 
through a piece-woi’k wage system which fixes a maximum wage for 
every jol) and Icoeps for the management every advantage arising from 
increased efficiency and effort. In short, no greater mistake could be 
made, at the very beginning, than to overlook the workman who is to 
use the new tools. He must in the nature of the case exert greater 
activity and work at higher tension, and is justly entitled to a share of 
the profits ^ If no such spirit of cooperation has previously been culti¬ 
vated, the inauguration of a high speed tool regime will be an excellent 
time and method for introducing also some method of wage payment 
which shall permit the workman to share in the profits involved in 
higher efficiency and increased energy. Unless some such provLsion be 
made, assuredly the attempt on the part of the management to monop¬ 
olize the advantages will properly be resented, and in consequence the 
retum.s will be materially cut down below what they might be. 

Furthermore, to irsure permanent good feeling and continued high 
efficiency, it is necessary that such increment in the workman’s reward 
shall be permanent. The policy in vogue in most piece-work shops of 
granting a slight increase for greater effort, only to make a reduction 
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later, when the newness of the thing has worn off, a reduction putting 
the workman on the same level of reward as l)efore but with harder 
work to do, is as shortsighted as it is greedy; and it inevitably brings 
its own punishment — only the management generally is too obtuse 
to know it, even when it i-i a continuous occurrence. Losses are none 
the less large because incurred in ways intangible or unobserved. 

Tool Problem First Considered.—In a shop where no systematic effort 
has been made to take large advantage of high-speed tools, it is well to 
make a start by imjuiring into the facilities for tool making and main¬ 
tenance (grinding inchideil), and the extent to which tools will have 
to be bought outside. Naturally this will depend very largely upon the 
nature of the plant and the number of tools used. If very many, it will 
])ay to organize! a tool-making department, or to reorganize an existing 
one to fit the new conditions, and to secure the service of one or more 
expert workers with high-speed steel, according to the needs. The 
('(]ui])ment necessary, and the methods involved in tool making, are 
descrilted in the chapters dealing with that subject. In smaller estab¬ 
lishments it will be simplest, and probably because it would be inex- 
])edient to provide a suitable tool-making equipment and to man it with 
expert service it will be safest also, to buy tools made to .specifi(!ation. 
Whatever may be decided upon with reference to this point, it will be 
very necessary to provide adequate and dependable f.acilities for grind¬ 
ing the tools, in onler to ketip them in pro])er working condition. Neglect 
of this point (see chapter on Grinding) will exact the penalty in reduced 
efficiency and lowered returns. If for any reason hand grinding is neces¬ 
sary, in spite of the higher cost compared with machine grinding utiliz¬ 
ing relatively unskilled labor, it must be carefully done by skilled.hands 
working as closely as possible by this method to standardized shapes 
and angles. 

Capabilities of the Equipment.—Also, whatever the conditions prevail¬ 
ing in the shop, it is very important that a careful inquiry be made into 
the extent and nature of the equipment, and a full report made upon 
each machine. This should show its kind and type; its capacity; limita¬ 
tions as to speed, traverse or feed, and cut; kind of work for which it is 
adapted and the kind for which it can be adapted; if capable of strengthen¬ 
ing or remodeling for higher duty and to what extent and at what probable 
cost; the kind and probable cost of a machine of maximum capabil¬ 
ities to take its place; and such other data as may be found to have a 
bearing on the problem in hand. With these data in hand the questions 
as to the routing and placing of jobs under the new conditions will be 
much simplified, and the purchase of new machines, when this shall 
become necessary and expedient, can be made intelligently; without 
(hem the re-routing which may be necessary to insure the best results 
possible without purchasing a new machine, or the purchase of it if that 
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be feasible, becomes more or less guesswork. And guesswork, of all 
filings, is studiously to be avoided if results are to count. 

Ill Advised and Unfortunate Experiences. —A word may not be out of 
place here in reference to certain ill advised attempts to use high-speed 
tools and machines. It happens not infrequently that the management 
of a shop becomes acquainted with the advantages obtainable through 
these, and, relying upon there presentations and guarantee.s of steel and 
machine makers, purchases a supply of steel and installs the machine — 
only to make a signal failure in respect of realizing expectations. The 
unfortunate result, in such case, of course is not attributable to either 
steel or machine, but to their unintelligent use under conditions which 
would preclude the attainment of satisfactory results. 

Attacking a Specific Problem. —Assuming that all preliminaries are 
arranged, so far as can be anticii)ate(l, it, is in order to take up the con¬ 
sideration of particular jobs which may first be changed over. Evidently 
it will be desirable to take up immediately those cases where the work 
is especially trying upon the tools in use; and because of the relative 
simplicity of the tools and conditions, preferably turning operations. 
Concretely, suppose the turning of a light, high carbon shaft, requiring 
a long cut, be con.sidered. The first point to determine is that of the tool 
to use. Only a moderately good finish being recpiired, a standard round- 
no.se tool will fit the ca,se; and since the material is high carbon, the 
standard tool for this class of work (clearance (> degrees, back slo])e 
8 degrees, and side slope 14 degrees, making the lip angle 68 degrees — 
.see chapter on Design of Tools), |-inch shank, is selected. The incli¬ 
nation to use tool holder stock with a view to economizing in the tool 
cost is test resisted, though it may possibly be found later that a com¬ 
posite tool is peruussible. By reference to a table of standard feeds, 
cuts and speeds, it is seen that with this tool working on this kind of 
steel at the reciuired depth of cut (for the particular operation here 
con.sidered, 3 ^ inch), the maximum speed under Taylor standard con¬ 
ditions, according as the feed is Vs, or Vss inch, is 110, 7;}.4, 49.3, 

or 39 feet per minute. By actual trial it is found that a feed of Vj inch 
per revolution will leave a finish sufficiently good to pass inspection; 
and this is therefore selected as the standard feed for the operation. 
The maximum speed then permissible, if the tool is to last 1 ^ hours 
per grinding, is 73.4 feet per minute. Summarizing, we have speed, 
73.4 feet per minute, feed j'g inch per revolution, depth of cut .Vg inch. 

Limitations Found and Changes Made. —Consulting the report on the 
machines employed (two) on the operation, it is seen that these are 
incapable of running at so high a speed, mainly because they are some¬ 
what worn and consume too much power in overcoming the friction 
of the machine itself when driven so rapidly. A study of the situation 
and consultation of the reports for other machines shows that an exchange 
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uan be made whereby pair of other lathes become available without 
disadvantageously affecting the routing of the piece, which lathes are 
capable of running at the required speed. This latter, however, is not 
attainable under the existing conditions. The nearest available speeds 
are 88 and 60 feet per minute. *It then becomes necessary to change. 
the countershaft pulley or the driving cone, or both, to get the required 
speed; and in making the change the belt and the belt faces are widened 

TOOL TEST NO_ 

TOOL.__, NO_LOT,.. . 

OPERATION- PIECE_ 

MATERIAL_ CONDITION_ 

MACHINES Olt 

- LU1IRICAN.T,- 


Record of Grinds 


No. 
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1 
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Production Record 
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1^01 
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B 
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■1 




B 

B 
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B 

B 
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B 

B 

B 

B 


B 

B 



B 

B 


B 

B 





Woikiima Foreman 

Dule^____ DcimTim-nt 


Fig. 209. Tool test record form. Filled in mostly by the workman, or by the one conducting the test. 
It 13 convenient to indicate different tool sUh'Is by differently colorwl cards. Comments made on 
back of card. 

so a.s to give a sufficient margin over what would be required to pull the 
expected load. Result, a peripheral speed of 71 feet for the shaft to be 
turned. The feed mechanism is found sufficiently strong for the work- 
required. The tail center is replaced with one of high-speed steel, and 
the bent-tail dogs previously used, with a quick-acting chuck. And the 
running test is begun. 

Practicable Conditions Established. —It transpires that a back rest is 
required, and that the speed 71 feet per minute, in spite of the rest and 
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of the preliminary report, is so high for these machines that the vibra¬ 
tion set up does not permit sufficient accuracy in the work and also 
effects a reduction in the time after which the tool must be ground; 
hence it becomes necessary to reduce the speed or to install new ma¬ 
chines. The latter course being for the present inexpedient, the cutting 



(Fcrt iH'i minute) 
Fifd, (liiclie'. JUT Ri'volutioji) 
Cut (Depth) 

( Spniillo ) up. iniui 

Cutting'... (pci'l'iece) 

(JriiMliiig Tunc, .. 

TiiiK'.Mlovtaiicc ‘ “ 

Actinil 'i'nncfui Opi.-mli.rn, 


Kate jKT Iliindicd I’lccts 


Interest tV DcjuvciationHundicd I’li cc: 
Oveilieiid JCvpi-iine ■' 

Oohtol Sciap “ 

fj’otui 


Saving oil Ycai VK«‘<iuiiemcul _ _ 

( M.icliine,s I ^ ^ 

I Spmdlc'. ^ ■ ' 
Dally Wages of Win kinnii - Formei,. . 




I'm. 270. Hfi'ord of (lata anti rc.Hults ('o.st of jinwiT, ticpreciation and interest, and overlicfid expciiso 
are rarely of Miifiiciotil iinpui luiioc U> ict|Uirc ronsiilfniUoii. Ufunurka made on buck of card. 

speed is reduced to .W feet per minute (provision having previously been 
made for such a contingency) and the result is fouml to be all that could 
be desired in respect of finish, while the tool eiidurauco rather more than 
equals that anticipated. It remains then to calculate the economy 
effected and to rearrange the labor cost accordingly — not forgetting to 
take the workman inb; account, as already pointed out. 

Data Determined. —From the factory records it is found that the 
yearly requirement is 24,000 pieces; average daily output (two lathes), 
92 pieces; piecework rate, 12.125 per hundred; average daily wage for 
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workman, 11.91. Also, determined either from records or observation 
with stop watch, as the case may be: actual cutting time, per piece,. 
8 minutes; time allowance for grinding and setting tool, average, 1 min¬ 
ute per piece; time allowance for handling piece, cleaning machine, and 
other losses, 4 minutes: or a totaftime allowance of 5 minutes, and a 
total operation time of 13 mirnitcs per piece. The actual operation 



INSTltUCTION CARD. 
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Fia. 271. Card of instructions sent to workman with i.ew tool Mheo job i 
changed over. 


time is half this, or 6^ minutes, since two lathes are used and two pieces 
are finished during each period of 13 minutes. 

The data observed (or computed beforehand, if the supervisory force 
has sufficient skill and experience to determine this without recourse to 
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experiment) bring out that the actual cutting time under the new con¬ 
ditions is 4.5 minutes; time for changing tools, etc., 0.2 minutes; time 
for handling and changing piece, 2.5 minutes; or a total time of 7.2 
minutes per piece. But since two lathes are used, the real time per 
piece becomes one half this, or 3.6 •minutes; and the daily (10 hour) 
output is about 160 pieces, or an increase of rather more than 75 per cent. 
On a piecework basis, allowing (he workman a substantial increase in 
pay (suppose we say a day rate approximating S2.30, as against his 
former $1.91) because of this greater e.xertion, the cost of the job can well 
be reduced to $1.40 per hundi'ed, effecting a saving $0,725 per hundred 
pieies, which in a day amounts to nearly $1.50, or an e(!onomy of more 
than $220 on the year’s reciuirenicnt. Under a good premium or bonus 
wage system even this showing would be hettered. 

The Element of Tool Cost. —This item, however, i.s by no means the 
only one through w'hich economics are effected. There is, for example, 
the tnatter of tool cost. In most cases it might perhaps be expected that 
this item would be increased. As a matter of fact it rarely is so, because 
of the greater life of a high-speed tool and the consequent distribution 
of its first cost over a greatly imu'eaised output . In this particular job 
it turns out that there is a saving in tool cost approximating $0.08 per 
hundred pieces, or not far from $20.00 for the year’s re<iuiremenl. This 
does not include tool maintenance and grinding, in w'hich item there 
would be another considerable saving, since this job was very hard upon 
carbon and self-hardening tools. 'I'licre is also tin; matter of the largely 
increased time during which tho.se standard machines become available 
tor other work. Whereas before the change two lathes w'ere required 
practically the whole working year (about 260 days) to get out the re¬ 
quirement, under the new conditions they are rerpiired for a maximum 
of only 150 days, leaving them availal)le for about half the time for other 
work and consequently reducing capital and maintenance account by 
nearly one half. 

Saving in Scrap. —Furthermore, in this job the scrap loss was pre¬ 
viously an important factor — almost half as great, indeed, as the labor 
cost; and this is reduced, if not to a negligible item, at any rate to 
a reasonable minimum for the job. The saving through this item is 
shown, along with others, in the following table. 

Data Summarized.— Quite evidently this is not a typical factory job. 
Nevertheless it is representative of a distinct class of operations to be 
found in most plants; and it has been .selected as an example in order to 
indicate as clearly as po.ssible the factors to be considered in changing 
over jobs from ord'narv to high-speed tools. About the same points 
are involved in almost any other operation of the kind with which we 
are at present concerned, and the method of attack will be about the 


same. 
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TABLE X. 


Iti*m (i»er 100 Piecp.s). 

Scif-hard- 
ening Tool. 

High-Speed 
Tool and 
Equipment. 

Economy Ef¬ 
fected. 

Total, on 
Year’s Re¬ 
quirement 

Piecework rate 

$ 

$2 125 

*1.400 

$0 725 

*174 00 

Tool cost (including sharp’ng) 
Insurance and interest, equip’t 

0 089 

0 004 

0 085 

20 40 

0 072 

0 041 

0.031 

7.44 

Scrap, net loss 

Power V 

1.050 

0 160 

0 890 

213 60 






Totals 

$3 336 

*1 605 

*1.731 

*415 44 


’ Neglected. 


Classification of Jobs.—So-called “ try-outs ” are useful in connection 
with the first introduction of hiffh-speed tools, anil perhaps are neces¬ 
sary; though the method, the time, and the order of doing the work can 
almost, if not quite as well, he determined in the office and prescribed 
for the workman without actual test, where a proper knowledge of the 
conditions exist. In fact it would be quite out of the question to under¬ 
take a test or to make a try-out of every one of the tens of thousands of 
operations in a big plant. It is enough that this bo done, if at all, in a 
relatively few cases which are selected jis tyiiical of most those met with. 
All jobs are then classified according to their characteristic features, and 
standards established for the several classes. Evidently the analysis 
of a great nundier of very different jobs will present manifold difficulties, 
and some will seem to defy idassification. It is imperative, however, 
that this be done so far as possible in order to minimize the time required 
for making changes and calculations. There must of course be some 
rational basis for such a grouping of jobs, though this may vary more 
or less according to local conditions and the specific nature of most of 
the operations. The factors here indicated are of sufficient importance 
to require consideration, and may be taken tentatively, at least, as a 
basis; 

^ Type of machine on which job is done. 

'[Limitations and capabilities of machine available. 

Material worked upon, and its particular qualities. 

Shape and other special characteristics of the piece operated 
upon, including size. 

Kind of tool to be used, and its capabilities. 

Amount of material to be removed. 

Possibility of using multiple tools. 

Feasibility of lubricating or cooling tool or work. 

D. .Finish required. 
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Other elements of («urse enter into many jobs; very likely in not a 
,iew instances they may assume importance V)eyond some or perhaps 
even all those here pointed out. This, however, is unlikely to be so, 
and these may safely be taken as fundamental to the determination of 
standards for operations except as special cases may arise. The standards 
once established, it should be possible to fit any given job nearly enough 
to a pretty clearly defined class, and to modify the conditions later as 
occasion or experience may indicate. 



APPENDIX A. 


ANALYSES OF HIGH-SPEED AND SPECIAL STEELS OF 
VARIOUS MAKES. 
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0 10 

1.340 

0 024 

0 008 

26 



14 91 

2 

95 

0.705 

0 01 


0 013 

0 008 

26a 

26b 



14 29 

2 

85 

0 791 







13 40 

2 

93 

0 800 

0 06 


0 020 

0.008 

27 



17.27 

2 

70 

0 250 


0.179 

0 035 


28 



16 48 

4 

10 

0 370 

0 18 

0.090 

0 014 

0.008 

29 



18 66 

2 

69 

0 640 

0.24 

0.393 

0.012 

0.014 

30 


5 19 

14 83 

2 

90 

0.750 

0.08 


0.020 

0 010 . 

31 



17.60 

5 

11 

0 490 



0 010 

0.007 

32 



19 00 

6 

00 

0.650 

0 10 

0.200 

0 018 

0.019 

33 


0.78 

16 75 

4 

58 

0 560 

0.17 

0.110 

0 020 

0.007 

34 


9 61 




0.650 

0.20 

0.038 

0 016 

0 006 

35 



13 00 

2 

88 

0.620 



0 020 

0 010 

36 



17 54 

2 

72 

0.440 

0.12 

0.100 

0 017 

0 010 

37 



19 09 

2 

69 

0.550 

0 27 

0 070 

0.016 

0 010 

38 

39 

40 



17 81 

19 03 
14.27 

2 

48 

0.550 

0 660 

0 79(1 

0 11 

0 090 

0 036 

0 150 

0.015 




3 

55 

0 08 

0 028 

0.008 

41 



18.40 

2 

89 

0 660 

0.12 

0.135 

0 010 

0 008 

42 



15 29 

1 

85 

0 320 

0 15 

0 340 

0 019 

0 006 

43 



16.22 

4 

73 

0 400 

0.18 

0 120 

0 025 

0 008 

44 


4 38 

10 08 

3 

00 

0 540 

0 16 




45 


0 34 

13.76 

4 

49 

0 500 

0 07 

0 210 

0 015 

b 005 

46 



4 78 

0 

69 

0 940 

0 27 

0 no 

0 010 

0 010 

47 



0 46 

0 

00 

1 030 

0 30 

0 118 

0 025 

0.009 

48 

49 



7.56 

2 25 

3 

0 

34 

28 

1 190 

1 250 

0 46 

0 85 

0 200 

0 210 

0 024 

0.025 

■ i 
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MEMORANDA. 

• Analyses numbered from 1 to 25 inclusive are those given l)y Taylor. 
1 and la are the same steel, the one referred to by him as the best of all 
those used in the Taylor-White experiments. 

44 is the average of the analyses‘of 12 different melts of the same 
steel, or rather of steel marketed umler the same name. 

45 is high-speed, l)nt not of the highest grade. 

46, 47 and 48 are steels recently put upon the market as “ semi- 
high-speed ” or “ intermediate ” steels. 

49 is sold as a steel especially adapted to finishing cuts. It is not at 
all in the high-speed class. 



APPENDIX B. 


FRED W. TAYLOR ON THE VARIOUS METHODS OF HARD¬ 
ENING HIGH SPEED STEl-R. TOOLS.' 

Special Treatments Unnecessary. -For .some yeur.s past it has been 
rather aimisirifi: to ns to hear the special directions pvcn by the various 
manufacLirers of steel suitable in chemical composition for making the 
high-speed tools. \’ery frecpiently a tool steel maker implies, or directly 
states, that the cliemical com])osition of his j)articular high speed tool 
steel requires “ special treatment.” The f.act is, however, that our 
recent experiments demonstrate beyond (]ucstion the fact that no 
other method which has come to our attention produces a tool superior 
in red hardness (/c., high speed cutting ability), or equal in uniformity 
to t.he method described. This applies to all makes of high speed tool 
steels which are capable of making first-class tools, whatever their 
chemical composition. 

Various Methods Tried.— It is the writei’’s belief that during our long 
■series of experiments at the Bethlehem .Steel Comi)any, in our search 
for uniform tools and for the method of imparting the highest degree 
of red hardness to tools, we tried substantially every method which ha.s 
since come to our iittention. 

For instance, in giving the tools the high heat we he.ated them in a 
blacksmith’s coke fire, a blacksmith’s soft-coal fire, in mudles over a 
blacksmith’s fire, and in gas-heated muffles. We also constructed 
various furnaces for this puipose. We heated tools by means of an 
electric current, with noses under water, and out of water, and by im¬ 
mersion in molten cast iron. .Moreover, by every one of these methods 
we were able to produce a first-class tool, provided only the tool was 
heated close to the melting point. 

Cooling Experiments. Ill cooling from the high heat we experi¬ 
mented with a large variidy of methods. After being heated close to 
the melting point, tools were immediately buried in lime, in powdered 
charcoal, and in a mixture of lime and powdered charcoal; thus they 

' The extoasivo investigations, and prodigious amount of time and labor devoted 
to them intliodcvelopimmt of liiglv-speed steels and ttmir tmatmeiit, give to the follow¬ 
ing extract from Mr. Taylor’s address or n'port a special significance. The para- 
graplis are ipOl to tOOii inclusive, at pages 200 and 201 of the address “The Art of 
Cutting Metals,’’'already-mentioned. 
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were cooled extremely slowly, hours being required for them to get 
Velow a red heat. And we wish clearly to state the fact that tools 
cooled even as slowly as this, while they were in many cases quite soft 
and could be filed readily, nevertheless maintained the property of 
“red hardness” in as high a degree •as the very l)est tools, and were 
capable of cutting the medium and softer steels at as high cutting speeds 
as the best tools which were cooled more rapidly and which were mindi 
harder in the ordinary sense. 

Tools were also <a)oled from the high heat in a muffle or slow cooling 
furnace .with a similar result. On the other hand, we made excellent 
high-speed tools by plunging them direcdly into cold water from the 
high heat, and allowing them to become a.s cold as the water Ireforc re¬ 
moving them. Between thc.se two extremes of slow and fast cooling; 
cooling in lime, charcoal, or a muffle, on the one hand, and in cold water 
on the other; other cooling experiments covering a wide range wore 
conducted We tried cooling them partly in water and then slowly 
for the rest of the time; partly in oil, and then slowly for the rest of the 
time; partly by a heavy blast of air from an ordinary blower and the 
rest of the time slowly; partly under a blast of compressed air and then 
slowly. We also reversed these operations by cooling first slowly and 
then fast, as described. We also cooled them entirely in an air blast 
and entirely in oil, and then partly first in oil, afterward in water, and 
then first in water and afterwai’d in oil. 

Good Tools by all Methods. —By every one of these methods we were 
able to make a good high-speed tool; i.c., a tool having a large degree 
of red hardness, and capable of cutting at very high cutting speeds. 
But by^ none of these ju’ocesses were we able to obtain tools as uniform 
and regidar a.s 'those produced by our lead bath and air cooling. 



APPENDIX C 


REFKliKNOIO TABLE FOR DETERMINING CUTTING SPEEDS. 


Feet IKT 
Minute. 

Diairi 

III Incfies. 


10 

IT) 

20 

25 

30 

35 

40 

45 

50 







REVOLUTIONS 

PER MINUTE. 




38 

2 

76 

4 

114 

6 

152 

9 

191 

1 

229 

3 

267 

5 

305.7 

344 0 

382 2 : 

'i 

30 

6 

61 

2 

91 

8 

122 

5 

153 

1 

183 

7 

214 

3 

244.9 

275 5 

306.1 

i 

25 

4 

50 

8 

76 

3 

101 

7 

127 

1 

152 

5 

178 

0 

203.4 

228.8 

254 2 

i 

21 

8 

43 

6 

65 

5 

87 

3 

109 

1 

130 

9 

152 

7 

174 5 

196 3 

218.9 

1 

19 

1 

38 

2 

57 

3 

76 

4 

95 

5 

114 

6 

133 

8 

152 9 

172 0 

191.1 

R 

17 

0 

34 

0 

51 

0 

68 

0 

85 

0 

102 

0 

119 

0 

136 0 

153 0 

170.0 

u 

15 

3 

30 

6 

45 

8 

61 

2 

76 

3 

91 

8 

106 

9 

122.5 

137.4 

153.1 

n 

13 

9 

27 

8 

41 

7 

55 

6 

69 

5 

83 

3 

97 

2 

111 1 

125.0 

138.9 

u 

12 

7 

25 

4 

38 

2 

50 

8 

63 

7 

76 

3 

89 

2 

101 7 

114.6 

127.1 

R 

11 

8 

23 

5 

35 

0 

47 

0 

58 

9 

70 

5 

82 

2 

93 9 

105 7 

117.4 

R 

10 

9 

21 

8 

32 

7 

43 

6 

54 

5 

65 

5 

76 

4 

87 3 

98.2 

109.1 

R 

10 

2 

20 

4 

30 

6 

40 

7 

50 

9 

61 

1 

71 

3 

81 5 

91.9 

101.9 

2 

9 

6 

19 

1 

28 

7 

38 

2 

47 

8 

57 

3 

66 

9 

76 4 

86 5 

95.5 

2 i 

8 

5 

17 

0 

25 

4 

34 

0 

42 

4 

51 

0 

59 

4 

68 0 

76.2 

85.0 

2 i 

7 

6 

15 

3 

22 

9 

30 

6 

38 

2 

45 

8 

53 

5 

61 2 

68 8 

76.3 

2 i 

6 

9 

13 

9 

20 

8 

27 

8 

34 

7 

41 

7 

48 

6 

55.6 

62 5 

69.5 

1 3 

6 

4 

12 

7 

19 

1 

25 

5 

31 

8 

38 

2 

44 

6 

51.0 

57.3 

63.7 

3i 

5 

5 

10 

9 

16 

4 

21 

8 

27 

3 

32 

7 

38 

2 

43 6 

49.1 

54 5 

1 4 

4 

8 

9 

6 

14 

3 

19 

1 

23 

9 

28 

7 

33 

4 

38 2 

43 0 

47.8 


4 

2 

8 

5 

12 

7 

16 

9 

21 

2 

25 

4 

29 

6 

34 0 

38 1 

42.4 

5 

3 

8 

7 

6 

11 

5 

15 

3 

19 

1 

22 

9 

26 

7 

30.6 

34 4 

38.2 

5i 

3 

5 

6 

9 

10 

4 

13 

9 

17 

4 

20 

8 

24 

3 

27.8 

31.3 

34.7 

6 

3 

2 

6 

4 

9 

6 

12 

7 

15 

9 

19 

1 

22 

3 

25.5 

28.7 

31.8 

1 7 

2 

7 

5 

5 

8 

1 

10 

9 

13 

6 

16 

4 

19 

1 

21 8 

24 6 

27 3 

; 8 

2 

4 

4 

8 

7 

2 

9 

6 

11 

9 

14 

3 

16 

7 

19.1 

21.1 

23 9 

9 

2 

1 

4 

2 

6 

4 

8 

5 

10 

6 

12 

7 

14 

9 

17 0 

19.1 

21 2 

lo 

! 

9 

3 

8 

5 

7 

7 

6 

9 

6 

11 

5 

13 

4 

15 3 

17 2 

19 1 

11 

1 

7 

3 

5 

5 

2 

6 

9 

8 

7 

10 

4 

12 

2 

13 9 

15.6 

17.4 

12 

1 

6 

3 

2 

4 

8 

6 

4 

8 

0 

9 

6 

11 

1 

12.7 

14.3 

15.9 

13 

] 

5 

2 

9 

4 

4 

5 

9 

7 

3 

8 

8 

10 

3 

11 8 

13.2 

14.7 

14 

1 

4 

2 

7 

4 

1 

5 

5 

6 

8 

8 

1 

9 

6 

10 9 

12 3 

13 6 

15 

1 

3 

2 

5 

3 

8 

5 

1 

6 

4 

7 

6 

8 

9 

10 2 

11 5 

12.7 

16 

1 

2 

2 

4 

3 

6 

4 

8 

6 

0 

7 

2 

8 

4 

9.6 

10.7 

11 9 

17 

1 

1 

2 

2 

3 

4 

4 

6 

5 

6 

6 

7 

7 

9 

9 0 

10 1 

11.2 

18 

1 

1 

2 

1 

3 

2 

4 

2 

5 

3 

6 

4 

7 

4 

8 5 

9 6 

10.6 

19 

1 

0 

2 

0 

3 

0 

4 

0 

5 

0 

6 

0 

7 

0 

8 0 

9.1 

10.1 

20 

I 

0 

1 

9 

2 

9 

3 

8 

4 

8 

5 

7 

6 

7 

7 6 

8.6 

9.6 

21 


9 

1 

8 

2 

7 

3 

6 

4 

5 

5 

5 

6 

4 

7.3 

8.1 

9.1 

22 


9 

1 

7 

2 

6 

3 

5 

4 

3 

5 

2 

6 

1 

6 9 

7.8 

8.7 

23 


8 

1 

7 

2 

5 

3 

3 

4 

1 

5 

0 

5 

8 

6 6 

7.5 

8.3 

24 


8 

1 

6 

2 

4 

3 

2 

4 

0 

4 

8 

5 

6 

6.4 

7.2 

8.0 

25 


8 

1 

5 

2 

3 

3 

1 

3 

8 

4 

6 

5 

3 

6.1 

6 9 

7.6 

26 


7 

1 

5 

2 

2 

2 

9 

3 

7 

4 

4 

5 

1 

5.9 

6 6 

7.3 

27 


7 

1 

4 

2 

1 

2 

8 

3 

5 

4 

2 

5 

0 

5.7 

6 4 

7.1 

28 


7 

1 

4 

2 

0 

2 

7 

3 

4 

4 

1 

4 

.8 

5.5 

6 1 

6.8 

29 


7 

1 

3 

2 

0 

2 

6 

3 

3 

4 

0 

4 

6 

5.3 

5.9 

6.6 

30 , 


6 

1 

3 

1 

9 

2 

5 

3 

2 

3 

8 

4 

.5 

5.1 

5.7 

6.4 
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The revolutions per minute for any greater speed may be obtained 
Ijy multiplication and addition. Suppose it is desired to find the r.p.m. 
of a milling cutter having a diameter of ^ inches and expected to run 
at a peripheral speed of 85 feet per minute. The required number may 
be found by following the line opposite the given diameter, 4J, to the 
column under 40, where is found the number 34.0; and also to the 
column under 45, where is found the number 38.1. Adding these numbers 
we have the required r.p.m. for a speed of 40 + 45, or 85 feet per minute, 
which is 72.1. If the r.p.m. for a surface speed of, say 120 feet, is re¬ 
quired, it may be found by multiplying the number in the column under 
20 by 6, which in the case of a 2| inch cutter would tie 27.8 X 6 or 166.8. 

Convei'sely, the surfa(^e spetul required for a given diameter and r.p.m. 
can be determined, though for this the u.se of the following formula is 
simpler: S = D X R X .2618, in which S is the surLace speed in feet 
per minute, D the diameter, and R the revolutions per minute. We also 
have: 



Diameters 
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As shown in the enlarged section, follow the vertical line representing 
the given diameter to its intersection with the horizontal line correspond¬ 
ing to the required surface speed; follow the diagonal nearest this point 



Fio. 273. Enlarged section of Fig. 272, showing method of determining time of operation. 

up or down, until it meets the horiz; ntal line corresponding to the desired 
feed as read from the left of the table. A vertical line dropped from this 
point to the bottom line will there show the time in minutes it will take 
to turn one inch unrler the given conditions. Diagram by A. Thompson, 
re-pubjished by courtesy of Machitienj, New York. 
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APPEI^DIX F, 



PRACTICAL TABLE OF . 
CUTTING SPEEDS: STANDARD IJ" TOOL. 




UluttmK Si)eed in Feet iier Minute for a Tool which is to Last 1 Hour and 

I)<*pth of 



30 Minutes before Ib'-trrmdniK 


Cut in 
Inches. 

Tiifh<.*s 

Soft ('a.sl 
Iron. 

Medmni 
(’ast Iron 

Hard (’ast 

lion 

Soft •SIf'ei 

Medium Stwl. 

Hard Steel 


iiV 

239 

119 6 

69 8 

518 

259 

118 


A 

]91 

95 3 

55 6 

366 

183 

83 2 

S2 

A 

142 

70 8 

41 3 

257 

129 

58 4 

118 

59 1 

34 4 

209 

105 

47 5 


i 

103 

51 7 

30 2 





.1 

1*. 

85 0 

42 5 

24 8 





1 

216 

108 

63 1 

450 

225 

102 



172 

86 2 

50 3 

317 

158 

72 0 

1 

l‘c 

128 

64 0 

37 3 

223 

112 

50 7 

8 

32 

107 

53 4 

31 2 

182 

90 8 

41 4 


1 

93 4 

46 7 

27 3 

157 

78 5 

35 7 



76 8 

38 4 

22 4 





1 

187 

93 5 

54 6 

370 

185 

84 1 



149 

74 6 

43.6 

260 

130 

59 1 

3 

1*5 

^2 

111 

55 5 

32 7 

183 

91 7 

41 6 

16 

92 5 

46 3 

27 0 

149 

74 6 

33 8 

S 

73 1 

36 5 

21 3 

129 

64 5 

29 3 


A 

66 4 

33 2 

19 4 

105 

52 6 

23 8 



168 

84 1 

49 1 

322 

161 

73 2 



134 

67 2 

39 2 

227 

113 

51 6 

1 

99 8 

49 9 

29 1 

159 

79 7 

36 1 

4 


83 2 

41.6 

24 3 

130 

65 0 

29 5 


i 

72 6 

36 3 

21 2 

112 

56 1 

25 5 


3 

I'ti 

59 7 

29 8 

17 4 

91 4 

45 7 

20 8 


.1 

144 

71 8 

41 9 

264 

132 

60 0 



115 

57 3 

33 4 

186 

93 1 

42 3 

3 


85 1 

42 6 

24 8 

131 

65 5 

29 8 

i 


70 9 

35 5 

20 7 

107 

53 4 

24.1 


ji 

A 

62 0 

31 0 

18 1 

92 2 

46 1 

20 8 


51 0 

25 5 

14 9 






131 

55 6 

38 3 

230 

115 

52 3 



105 

52 3 

30 5 

162 

80 9 

36 8 

1 


77 6 

38 8 

22 7 

114 

56 9 

25 9 

3 

* 

64 7 

32 4 

18 9 

92 6 

46 3 

21 0 


i 

56 6 

28 3 

16 5 





A 

46 5 

23 3 

13 6 



■ 



112 

56 0 

32 7 





Ji 

89 2 

44 6 

26 0 





A 

6 f .2 

33 1 

19 3 




3 

A 

00 2 

27 6 

16 1 








4 

i 

48.3 

39 7 

24.2 

14 1 





19 8 

116 
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PRACTIcfAL TABLE OF 
CUTTING SPEEDS; STANDARD 1" TOOL. 




(lultinK S{)ee<l in Feet i>er Minute for a Tool which is to Last 1 Hour and 1 

IVpth of 

v a 


30 Minutes liefore Ile-trrindinK. 


(-ut in 
Inches, 

Inches 

Soft (’ust 

Medium 

Hard Cast 

Soft Steel. 

Medium Steel 

Hurd Steel 



Iron. 

Cast Iron. 

Iron 




, 

226 

113 

66 0 

490 

245 

111 


'h 

177 

88 4 

51 6 

339 

169 

77 0 

3 

iV 

130 

64 8 

37 8 

235 

117 

53 4 

82 

107 

53 5 

31 2 

189 

94 5 

43 0 


s 

92 8 

46 4 

27 1 





la 

7.’> 7 

37 8 

22 1 





-X- 

205 

102 

59 S 

427 

214 

97 0 


1 

160 

85 1 

46 8 

296 

148 

67 2 


I'fi 

■1^ 

118 

58 8 

34 3 

205 

102 

46 6 

8 

97 0 

48 5 

23 3 

165 

83 0 

37 5 

i 

84 2 

42 1 

24 6 

142 

71 0 

32 3 



68 6 

34.3 

20 0 





A 

181 

90 6 

52 9 

358 

179 

81 3 


A 

142 

70 8 

41 3 

247 

124 

56 1 

s 

iV, 

104 

51 9 

30 3 

171 

85 5 

38 8 

Ts 

3^2 

85 8 

42 9 

25 0 

138 

69 0 

31 3 

J 

74 3 

37 2 

21 7 

118 

59 0 

26 8 


ll 

60 6 

30 3 

17 7 

95 0 

47 5 

21 6 

I' 

B*4 

f 

16.5 

82 3 

48 1 

315 

157 

71 6 


129 

64 4 

37 5 

218 

109 

49 5 



94 3 

47 1 

27 5 

150 

75 0 

34 1 



77 8 

38 9 

22 7 

121 

60 5 

*27 5 


j 

67 5 

33 7 

19 7 

104 

52 0 

23 6 


.0 

55 0 

27 5 

16 1 





A 

143 

71 5 

41 8 

263 

132 

59 8 


ii 

112 

56 0 

32 6 

182 

91 0 

41 4 


A 

81 9 

41 0 

23.9 

126 

62 8 

28 5 



67 6 

33,8 

19 7 

101 

50 6 

23 0 


i 

58 6 

29 3 

17 1 





3. 

57 5 

28 7 

16 8 






i;i2 

66 2 

38 6 

232 

116 

52 7 


A 

104 

51 6 

30 2 

161 

80 5 

36.6 


A 

75 8 

37 9 

22 1 

111 

55 7 

25.3 

1 

ib 

62 6 

31 3 

18 3 




2 

1 

54 2 

27 1 

15 8 





3. 

Ill 

44 2 

22 1 

12 9 
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PRACTICAL TABLE OF 
CUTTING SPEEDS; STANDARD I" TOOL. 


Dejith of 
Out in 
Inches 

Kml in 
Inches 

(XittiiiK Sjieed in Feet per Minute for a Tool \vhu'li is to Last 
30 Minutes before Re-KTindinK. 

1 Hoiu* and 

Soft ('ast 
Iron. 

Medium 
Cast Iron. 

Hard (-ast 
Iron. 

Soft St<*4'l 

Medium Sl<*el 

Hard Steel. 


1 

220 

no 

64 2 

476 

238 

108 


A 

169 

84 6 

49 4 

325 

162 

73 8 

3 

A 

122 

61 2 

35 7 

222 

111 

50 4 

32 


99 8 

49 9 

29 1 

177 

88.4 

40 2 


j 

86 4 

43 2 

25 2 






70 1 

35 1 

20 5 




... 

A 

202 

101 

58 9 

420 

210 

95.5 


A 

156 

77 8 

45 4 

286 

143 

65 0 


A 

112 

56.2 

32 8 

195 

97 6 

44 4 



91 8 

45 9 

26 8 

156 

77 9 

35 4 


i 

79 3 

39 7 

23 2 

133 

66 4 

30.2 


IL 

64 3 

32 2 

18 8 





r^i 

178 

89 0 

52.0 

352 

176 

80.0 


A 

137 

68 6 

40 1 

240 

120 

54.5 

s 

A 

99 4 

49 7 

29 0 

164 

82 

37.3 


A 

81 0 

40 5 

23 7 

131 

65 5 

29 8 


I 

70 1 

35 0 

20 5 

112 

56 0 

25 5 



56 8 

28 4 

16 6 





A 

163 

81 5 

47,7 

312 

156 

70 9 


A 

126 

62 9 

36 7 

213 

107 

48.4 


A 

90 8 

45 4 

26 5 

145 

72 6 

33 0 

4 


74 1 

37 0 

21 6 

116 

58 1 

26 4 


i 

64 1 

32 0 

18 7 





A 

52 0 

26 0 

15 2 





A 

144 

71 8 

41 9 

264 

132 

60 0 


A 

111 

55 4 

32 3 

180 

90 2 

41.0 

3 


80 0 

40 0 

23 4 

122 

61 1 

27.8 

8 


65 3 

32.6 

19 1 





{ 

56 4 

28 2 

16 5 






45.8 

22 9 

13 4 





A 

135 

67 5 

39.4 

237 

118 

53.8 


A 

104 

52 1 

30 4 

162 

80 8 

36.7 

1 


75 2 

37 6 

22 0 




2 


61 4 

30 7 

17 9 





i 

43 1 

21 6 

12 6 
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tractical table of 

CUTTING SPEEDS: STANDARD %" TOOI.. 


Depth of 
Cut in 
Inches. 

Feed m 
Iiiclics 

(kittinc Speed in Feet per Minute for a Tool wliicli is to I^asl 
80 Miniil.es before Ke-gnrnliuK 

1 Hour and 

Soft (^isl 
lion 

Meduiiii 
('.i‘'t lion 

Hard ('asl 
Iron 

Soft Steel 

M<‘<liuin StiH'l 

Haul Sti'el. 



222 

HI 

65 0 

482 

241 

110 


A 

169 

84 3 

49 2 

323 

161 

73 4 


A 

120 

59 8 

34 9 

217 

108 

49 3 



97 0 

48 5 

28 3 

172 

85 8 

39 0 



83 4 

41 7 

24 4 





A 

66 4 

33 2 

19 4 






203 

102 

59 3 

423 

212 

96 1 



156 

78 2 

45 6 

284 

142 

64 5 

1 

h 

no 

55 0 

32 0 

190 

95 2 

43 2 

8 


88 8 

44 4 

25 9 

151 

75 3 

34 2 


J 

76 2 

38 1 

22 3 

128 

63 8 

29 0 


\\ 

60 9 

30 4 

17 8 





A 

181 

90.6 

52 9 

358 

179 

81 4 



1117 

68 5 

40 0 

240 

120 

54 5 

3 


97 7 

48 9 

28 5 

161 

80 5 

36 0 

16 

h 

78 0 

39 0 

22 8 

127 

63 7 

28 7 


S 

67 5 

33 7 

19 7 





ir, 

54 2 

27 1 

15 8 






167 

83 6 

48 8 

320 

160 

72 7 


A 

126 

63 2 

36 9 

215 

107 

48 8 

1 

h 

90 8 

45 4 

26 3 

144 

72 

32 7 

4 


72 7 

36 3 

21 2 



- 


iS 

62 7 

31 3 

18 3 






150 

75 0 

43 8 

276 

138 

62 7 



113 

56 7 

33 1 

185 

92 4 

42 0 

3 


81 0 

40 5 

23 6 




S 

A 

65 5 

32 7 

19 1 
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PRACTICAL f ABLE OF 
CUTTING SPEEDS: STANDARD TOOL. 


Depth of 
Cut in 
Inches. 

Feed in 
Inches 

CultinK SiR-ed in Feet per Minute for a Tool which i.s to I.^st 
30 Mmuto,s before Re-KTinduiK. 

J Hour and 

Soft Cast 
Iron 

Medium 
Cast Iron 

Hard (.Jast 
Iron 

Soft Steel. 

Medium SU-el. 

Hurd Steel. 

1 

h 




548 

274 

125 

16 

h 




358 

179 

81 6 


h 




235 

117 

53 3 


A 

216 

108 

63 0 

467 

234 

106 

3 

h 

160 

80 0 

46 6 

306 

153 

69 5 

32 

iV. 

no 

55 0 

32 2 

200 

100 

45 5 


rfi 

88 4 

44 2 

25 8 

156 

78 0 

35 5 


i 

75 4 

37 7 

22 0 





A 

200 

100 

58 6 

417 

209 

94 8 


A 

148 

74 0 

43 3 

273 

136 

62.0 

- 

h 

104 

51 8 

30 2 

179 

89 3 

40 6 



82 6 

41 3 

24 1 

140 

69 8 

31.7 


h 

69 6 

34 8 

20 3 






183 

91 6 

68 0 

362 

181 

82 2 



135 

67 5 

39 4 

236 

118 

53.8 



94.0 

47 0 

27 4 

155 

77 4 

35.2 



75 4 

37 7 

22 0 





i 

64 3 

32 2 

18 8 






171 

85 7 

50 ] 

328 

164 

74.5 

1 

'h 

126 

63 2 

36 9 

215 

107 

48 8 

4 

h 

87 8 

43 9 

25 6 





& 

70 4 

35 2 

20 6 





th 

156 

77 8 

45 4 

286 

143 

65~0 

3 

h 

116 

57.8 

33 8 




8 

, 

A 

79 7 

39.9 

1 

23 3 
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PRACTICAL TABLE OF 
CUTTING SPEEDS; STANDARD V' TOOL. 


Depth of 
Cut m 
Inches. 

Feed in 
Indies 

CultmK Spet'd in Feet per Minute for a Tool which is to Last 1 Hour 
and 30 Miiiute.s Indore Re-Krinding 

Soil ('iist 
lion 

Medium 
l-ast Iron 

Hanl Cast 
Iron 

Soft Steel 

.Medium Stnd. 

Hard Steel. 

1 

A 




510 

255 

116 

16 





322 

161 

73 2 






203 

102 

46 2 



206 

103 

60 0 

445 

223 

101 


h 

147 

73 3 

42 8 

281 

141 

63.9 



97 5 

48 8 

28 5 

177 

88 7 

40.2 



76 0 

38 0 

22 2 

135 

67 4 

30 7 


i 

64 I 

32 1 

18 7 






194 

97 0 

56 7 

404 

202 

91 8 



138 

69 3 

40 4 

255 

128 

57 9 

1 


93 1 

46 5 

27 2 

161 

81 

36 6 

? 

A 

72 1 

36 1 

21 3 





j 

41 8 

20 9 

12 2 






182 

91 0 

53 0 

359 

179 

81 6 

3 


128 

64 0 

37 7 

226 

113 

51 4 

16 

A 

86 1 

43 1 

25 1 





A 

67 4 

33 7 

19 6 






173 

86 3 

50 4 

330 

165 

25.0 

1 


122 

61 0 

35 7 




4 

h 

81 9 

41 0 

23 9 
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Abranion of cuttiojc 224 
tools subjected to. 211 
Absorbent passes, in pyroinetry, 16!) 

Absorption of power — see Power ab8or]>tion 
Abutments, m composite tools, 268 
Accelerated production — see Maximum produc¬ 
tion, and Production 
Acceleration sjieed planers, 202 
Accuracy of pyrometers, 162, 160, 171 
Acetylene blow-piixs welding of tools, 184 
Air chucks — a(*e Ohurks 
Air hardening steels, discovery of, PI, 14 

see also UiRh-siieed sl(,-c|s 
Air quenehinK. 84, 07, 98 
Allownnee for grinding, 76, 150 

machining, 100, 227 
slinukage, ete , 180 
Alloy bath method of lemjMTing, 128 
Alloy steels (see also .Steels, High-speed sleels, etc.), 
22 

cutting speeds on, 245 
Alpha iron, 5.8, .84, 38 
Atummuin, cutting speeds on, 245, 250 
in ateel, 44 

lubrii^iitioii in cutting, 233, 260 
milling of, 250, 260 

rake or front slope for euttiTs working 
on, 260 

table traverse m, 250 

Analysis of steel — see Steels, comfxisitioii of 
Ancient steel making — see Steel, Manufacture of. 

Damascus; Crucible iirocoss, ete. 

Angles, cutting, in non-clearance tools, 257 

influence on cutting speeds and efficiency, 
235 

lip, influence on cutting sjxkhI, 235 
stJindard for tixils, 255 
Annealerl .steel, constituents of. 25, 27 

stock, advantages m mse ot, 61, 65. 66, 120 
Auocaling after forging, 76 

desirable in certain ea.ses, 185 
discoloration of tool surface during, 132 
furnace, 120 

in remaking old tools, 185 
manganese steel, effect on, 30 
methods of, 61, 120, 133 
rapid, 130 

temperature lange in, 131, 132 
time required, 130, 131, 132 
tungsten steels, y i 

Anthracite fuel m heating furnaces, 67 
“.^nvil” principle m machiD'' design, 279 
Apparatus — see Equipment 
Appendices, 330 


Appliances, need for adequate, 67, 122 
see also Equipment 
Arbor hole in rotary eutters, 260 
Armor plate, euttmg speeds on, 250 
milling, 106, 250 
Austenite, 20, 35, 38 
fixing of, 30 

Austenitic condition, fixing, 35 

effect of heat (reatment on, 42 
steels and re(l-hiirilrie.s.s, 47 
Autogenous welding of high-speed tools, 183 
Automatic machine tools — sec Machine tools 
Auxiliary drivc.s, 288 

motors, use of, 285 


Back knives, composite (welded), 184 
rest, attachment of, 285 
slope in lathe tools, 257 
Baml saw.H, high-speed steel, 201 
Barium chloride, 113 

process of hardening, 105 tt srq. 
proce.ss of hardening, carbon steel 
tools, 117 

Bar .stock, rutting, 185 
Barth alid(‘ rule, 236 
Bath hardening of tools, 107 
oil for quenching. 99 

operation of, in Ininum chhirido procc.ss, 11.8 
qucDchiiig, 00 

U*mpering of tools, metluMl of, 123 cl my. 
Beaniig.s, proportions of, in high-speed machine 
tools. 283 
Belt drive, 286 

for auxiliary movements of muchiuc 
tools, 288 

Bessemer converter, 10, 11 
steel, 0. 11 

method of manufacture, lO-lI 
Beta iron, 33, 34, 38 
Billets, high-speed steel, 50 
“Black body” radiation, 171 
Blisters, formation of, on surface of tools, 110 
Blistering, prevention of. in healing tools, 92. 108 
Blades, inserted — sec Compo.site tools, Design of 
tools, and under various tools 
Bolometer, 158 

Boring operations, speeds in (see also Drilling), 247 
Brakes on macliine tools, 289 
Brass cutting operations, 211, 233 

speeds and feeds in. 245, 
246. 260 

treatment of tools for, 
96. 128 
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INDEX 


Brazing, in manufacture of composite tools (se<i 
also Composite tools. CorofK>und tools, etc.), 
182. 183 

Breakage of tools, 140. 104, 199. 201. 298 
materials, minimizing of, 305 
Bristol pyrometer. 158. 162, 163, 164 
Brittleness ruinous in tools, 121 
Broaching operations. 205 
Bronze, high-speed tools for cutting, 211 
Brown platinum pyrometer, 158-159 
“Bubbles,” formation of^on tool surfaces. 119 
“Burnt” skin, removal ol, from tools, 149 


(’alibration of pyrometers, 87, 162, 164. 170 
('ai>acity of machine tools, relation to powering, 289 
('arbou in steel, 23, 24, 32, 33 

steel, coinjiosilion of, 23 

microscopic structun' of. 26 
tiMils, hardening liy barium chloride 
process, 11 7 

Carnage (laihe), attacliinent of, 282, 28.5 
Cast iron, cutting 8 (kh‘<I« on, 190. 244, 248, 2411. 2.50 
efficiency of high-speed tools in cutting, 
190, 223 

Castings, allowance for machining, 228 
and heavy cutting, 190 
chilled, growing use of, 192 
('u.st steel, 8 
Catalan forge, 3 
“('ementation” steels, 7 
('ementito, 27. 28, 38 
Chain drive for machine tfKils, 289 
(’hatter, conditions making for, 163, 212, 226, 23t). 
235, 252, 2.5.3. 254. 2.55. 267. 272 
effect on cutting speed, 230, 242. 325 
tool endurance, 212, 2.59 
(Uiecks or cracks in tool .surfaces, 136, 148. 1.52 
detecting, 185 

Chilled iron, machining, 192, 193. 241, 24.5 
Chipping casting.s, high-speed tools for, 207 
Chip, action of tool in cutting, 215, 224 
cooling of, 232 

development of heat in ixmioving, 5 
distortion of, 218 
high-speed not unique, 234 
ID drilling operation.s. 248 
production, variables uyeeting, 235, 242 
shape of, and tool efficiency. 254 
shearing of into sections, 220 
Chips, disposal of, 233. 292, 294 

nature and production of, 5, 8, 212. 23.5, 248, 
254, 258 

Chisels, high-speed, 207 
tempering, 128 

Chlorine fumes, in barium chloride bath opcralion, 
113, 119 

ChrooiS steel, cutting speeds on, 245 

for tool holders and tool bodies, 261, 
283, 272 

Chromium, cost of, 62 

influence in steel, 25. 39, 40, 44 
Chucks and other holding devices, design of, 308 
Cleaning tool surfaces, in barium chloride process, 
116 ' ' 

Clearance angle, 256 


Clearance angle, influence on eutting speed, 236, 
242 

modification of. In certain case#, 
226 

in drills, M2. 273 

internal cutting tools, 247 
milling cutters, 142, 195, 268 
reamers. 271, 272 
of chips in aluminum cutting, 269 
tools without (non-clearance tools), 257 
Classification of jobs, 306 

Clutches, modification of,in reciprocating machines, 
298 

('oke furnace (see also Furnace), 86 
(Colors, discrimination of, 93, 122, 124,’ 155 

relation to temperature, 65, 93. 122, 124, 
155. 156. 166 

' Cold end” in lemijorature maintenance, 163 
('ornpeiisator, iisi? of, in pyroiiietry, 164 
('ompositc tools (see also under separate tools), 
183, 200, 209, 210, 262 
cost of, 195. 265, 317 
design of, 183 
dies. 203, 200 
lathe centers, 284 
method of securing cutters, 1S3, 
265. 266. 268 
ri'anier-s. 200. 271 
renewal of cutters or blades, 267 
rotary, 263 
saws. 202 
•shoiirs, 203 

woofi working. 209, 210 
.See also (^impound tools; Tool 
liol<b*rs. Welding: etc. 

Composition of steels — see Steels, composition of 

Constituents of sterd, 25-38 

Conditions of maximum effect, 212 el seq. 

efficiency, variation in. 239 
('onsiTvatiHm m use of high-speed steel, 64,.275, 303 
(’onsistenev in temperature gages. 171 
Ointour of cutting edges — .see Design of tools, 
Cbatlcr, etc. 

Cooling, in annealing. 130, 132 

changes caused in heated sU^el by, 30. 32 
comparative effect, in heated steel, of 
rapid and slow, 31-32 
cutting tools while at work, 232, 238 

effect on cutting specil, 241, 
249 

in grinding tools, 148, 151 
in hardening—see Hardening, (^u«ich- 
ing; etc. 

Contour of cutting edge — see Design of tools; 
Chatter, Efficiency: etc. 

(%>operation in organization for maximum produc¬ 
tion, 321 

Coring and reaming compared with drilling, 190, 
197 

Cost of high-speed steel, 61-63 

constituents. 62 
tools, comparative, 196 
metal cutting and of metal removed, 338 
tool maintenance, 192 
tools, basis of. 190 

comparative, 327 
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Cost of tools, oompoBite, 195, 265, 317 
lowered, 306 
reductmn, 237, 300 
Oacks, formatioti of, 68, 69, 97 
detection of. 185 
Oltical iwmta, 29-36 

HMC'ertaininK, 177 
Influence of mani^aneK*-, nickel, 
chroDHum, etc., on, 39 
lag in cooling, 30 
range of, 41 

Oo-ss rails, form of, 280 
srotion of tools. 252 
Crucible process, 55 
,, • untujuity of, 3. 55 

development of, 8 
later motliodB, 8, 55 
manufacture of wootz. 3 
revived by Huntsman. 8 
steel, 3. 8 

among tlio aucierits, 3-8 
preeinmenee of, 8 
See alsMJ Stt-el 

(/Up wlieels foi tool grinding, 142 
Cut, depth of, 242 

allowahle in iiiulleable eastings, 227 
effect on cliatter, 22(> 
influence on clhciencv un<l spi'ed of 
foul, 23.5 

111 castings with i-liilled surfaces, 304 
sltindardiz(“<l. 238 

iluratioii ol, influence on cutting specs!, 
235 

meter, Warner, 24tl 

Cutter lu-ads foi wood working machines. 20!) 
Cutters, inacTled — see (’oiiipusite tools, 'rool liohl* 
ers, (^mipound tools, Design of tools; 
etc 

milling -see Milling cutlers, Composite 
IcHils, etc 

Cutting action, tearing away of chip, 215, 221 
angles, in internal cutting tools. 247 

infliK'nei' on culling speeds, 235, 242 
cost of and of metal removed, 338 
drills, uiHuence on feed, 248 

in non-elearunce bxils, 257 
staiuiurd, 255 
See also Angles 
edge, abrasion of 

amount of rnrv<‘. 255 
conduction of heat from, 262-263 
contour of. 242, 253 
not under heavy pressure, 221 
shape and angle of. influence on speed 
and efficiency, 235 

edges, braze<l or welded — see C^imposite 
tools; (Compound tmils, etc. 
relation of number to life of the tool, 
269 

effect of high speed in, 6 
off dies, hot, 206 

stock from h ■ 5 
operations, nature ot, 215 et seq. 

pressure on tool in (see also 
Vibration; Chatter, Pressure 
oscillations; etc.), 19 


Cutting operations, softening of tool in. 224 
support of tool in, 228 
speed, determining, 240 

effect on cost of production, 237 
tool, 6 

factors affecting. 235, 236, 240. 241 
high, when undesirable, 238 
m chilled iron outtiug, 241, 245 
maximum limits, carbon steel tools, 6 
high-speed tools, 18 
relation to ehatUTing, 227-228 
variables affecting. 235, 236, 240- 
241 

speeds and feeds, generalizations ns to. 236 
table of. for drilling .and 
like operations, 249 
case of short iluration cuts. 306 
comnicrcinlly prai-ticahle, 238,292 
drills, etc . 197. 240. 248, 249 
in bonng jobs, 247 
finishing jobs, 208 
milling tiickcl-chrome steel, 196 
niilhug operations, 250 
planer and shaper work, 194, 
2.50 

plan<‘r and shaper work, com¬ 
mercially practicable, 292 
roughing ciif.s, 245 
worn] working op<*rations, 209 
maximum, 241 

maxiinuin with carbon steel tools, 
302 

on east iron, 191. 244 
inalleahh? castings. 245 
sl.eel, 245 
phenomenal, 244 
reamers, 248-249 

relation of, in certain operations, 
247 

tabic for ih'UTminmg. 334 
Tavlor standard, 238, 339 
threading tools, 249-250 
with soft tools. 333 
time, diagrum for ascertaining, 336 
tools, ai'tion of, 215 

fuctons in efficiency of, 226 
see al»f> Tools, design of; Harden¬ 
ing; Tempering; Efficiency; An¬ 
nealing; Forging; Temperature; 
etc. 

transformation of energy in, 5 
C’vhnfirical furnace — sec Furnace 

Damaai’us steel, 3, 4, 5, 8 
Daunemora iron, use in high-speed steel, 62 
Data, securing of, as basis for standard tempering 
temperatures, 127 
in temperatuie regulating. 175 
manufacture of high-speed 
tools. 178 

establishment o^ conditions 
for maximum production, 
235, 323 

Defects of early high-speed steels, 186 ^ 

Dead melting, in crucible process, 9, 58 
Depth of cut — sec Cut 
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Dutjigii, cud sought in, 212 

ol furnaces — see Furnace 
machine tools. 212, 275 et »eq. 

adjustments. 212, 285 
auxiliary motors, use of, 
285, 287 
bearings, 283 
brakes, 2811 

distribution of material, 
279 

lathes, 279 et seq. 
inilling machines, 286 
new requirements, 317 
planing machines, 286 
|)ulling and feeding pow-er 
a factor in speeds and 
feeds, 242 

relation of {mwering lo 
capacity, 
rigidity, 212 
solidity, 280 
spml changes, 287 
summary, 294 
torsional strains, 2K0 
variable-speed motors for 
driving, 287 
weight essential. 2H0 
S<‘e also Machine tools 

totd rests. 28.) 
tools. 2.')2. 319 

composite (inserted cutter), 205 
considerations affecting, 261 
continuity of structure desirabh-. 
182 

contour of cutting edge, 242 
dies. 274 

composite. 206 
drills. 141, 273 

factors affecting efficiency, 226 
inilling cutter blades. 266-267 
milling cutters, 229, 263, 266-267 
clearance in. 19.5 
front slope in, 267, 
269 

Jiclical, 266 
inserted cutter, 
195 

interlocking sec¬ 
tional, 270 
nicked cutting 
edge.s, 270 
overhang in 
blades, 268 
pitch in, 195, 268, 
209 

welded cutler 
blades. 184 

miecellanoou.s. 274 
overhang of inserted cutter blades, 
268 

rotary, 263 

threading taps and dies. 201 
Taylor on, 261 

. wood working. 274 

Diameter of Work,, influence on cutting speed and 
efficiency, 235 


Dies, composite, 184. 203 

design of-—see Design, above 
deterioration of. 204 
drawing. 206 
efficiency of, 203 
efficiency of blanking, 204 
embossing, 206 
forming, 206 
hardening of, 114, 118 

temperature for, 96-97 
heading, 206 
high-speed, 203 
hot eutl.ug-off, 206 

forming and pressing, 206 
piieuimitic tool, 207 
<iuenehing or cooling, 100 
“sinking” of. 206 
suaj). 207 

threading, breakage of, 201 

rutting the threads, 181 
design of. 201 
hardening of, 117-118 

temperature. 96 

prevention of rougli aurfaei's and 
cutting edges, 181 
tempering. 127-128 
tongs for handling, 119 

Disc grinders, disadvantages of, in certain oases, 
146 

Di.seoloration in annealing. 132 

Di.scoveries. modern method of making. 2<J 

Dog. use of, in turping operations. 308 

Drawing temper — .see Tcm(K)riiig 

Dressing grinding wheels, 138 

Drilling, compared with coring and reaming, UK). 

197 

puDching, 107 

o<M>ling or lubricating the drill. 233 
fped.s and sfieeds in. 197, 244, 248 
machine for u.sing liigh-sj>eed drill.s with 
maximum efficiency, 277* 
weak. 298 
remodeled, 295 
removal of chip.s, 233 
Drills, breakage of, 199, 248 
clearance in, 141, 273 
finish of the flutes. 273 
flat, use and efficiency of, 199 
grooved, 199 

multiple lip, efficiency of, 199 
peripheral speed of, 248 
splitting of, 273 
twist, design of, 273 
twisted, 273 

in plate drilling, 199 
welded shank, 184 

See also Design; Economy; Efficiency; Feeds 
and speed.s; Grinding; Hardening; Tem¬ 
pering; etc. 

Drive, belt, 286 

electric, 286, 289 

for otJerating heavy tail stocks, 285 
in remodeled machines. 296 
of reciprocating machines, remodeling of, 
208 

Drives, auxiliary, 285, 288 



INDEX 


349 


Eccentricity in rotary cutters, relation to eliatter, 
2S0 

]'k:ouoiiiie«, effectioK. 327 

elements affecting, 237 
table of, in a ai>ecific case, 328 
Edge* tools — see Tools; Ilardcuiug; Grinding; 
’r(*m[>ering; etc. 

lOffioieucy, comparative, of rotary and reciprocating 
cuts, 194 
contrasts. 302 

maximum, conditions of, 310 
measure of. 232 
relative, of grinders, 135 
tool, blanking dies, 203-204 
* brass, bronze. Cierman silver work* 
ing. etc.. 211 

drills, finisb of flutes and. 273 
flat. 199 

multiple-lipi.MHl, 199 
twist. 197-201 
twisted. 186, 274, 300 
faetors affecting, 188, 197, 230, 2.52 
forming dies. 206 
high-speed tools in geueitd. 20 
in cast iron eulting, 190. 223, 
influence «»f sluitHi in, 2.54 
machine tool ecinipment a factor in, 
276 

nulling ciitterH, 194-19.5 
iniihiple-Iipped drills, 199 
planer and shaper w<irk, 194 
ininches, 204 
rcaiiiers, 199 

ri'latioii to pnniir un<l niuinleiiaiice 
cost, 192 

rock working. 211 
rotary comput'd with reciproi-at mg, 
194 

successive grindings and, 76 
taps and dies, 201 
variables affecting, 188, 197, 23.5. 
252 

wood working, 210 
Egyptt early use of steel tools in, I 
Electrie drive — see Drive 
Electrical unniailing, 133 

furnace, see Furnace 
hardening, methods of, 102 
method of steel maiiiifacturr, f2 
process of making high-speed steel, .55 
leslstanco pyrometer, 158, 164 
tenifKiriog, 126 

welding of compound or composite tools, 
183 

Elements in eoinpoaition of steel, 23 -25, 46-51,330 
mftuenco of, see 
Hardening 

ICmbossing dies, 206 

Energy, transfnimation of, in metal cutting upci- 
ations, 1 

Endurance limits of machine operator, 304, 310 
tools. 6 

of cutting tools, factors affecting, 212, 
226 

machine tools, 307 

Engiseering, place of high-speed steel in, 186. 300 


Engineering, place of muahet steels in. 14 
works, production in, 279 
Eguipment. barium chloride hardening process, 109 
forging, 66. 73, 87 
gas iiiaiiufucturing. 81 
grinding, 141 

^ hardening, air quenching, 97 

furnaces, 78-86 
heat regulating (ttee alsr; 

I’yrometry). 86 
<gl quenching, 09 
supplemental, 87 

machine tool, policy of scrapping, 
295. 303 

remodeling old, 20.5- 
299 

tool efficiency and, 276, 
322 

manufacture of high-speed tools aiul 
adeipiute, 67. 78. 82 
quenching, air, 97 
oil. 99 

Execs.s metal, gntxltng from tools, 149 
Ex|)<‘riences, misleading, 64, 323 
Ex|>erimeututioii — sec Tests 

Fiicilily, securing, m machine tools, 212 
Fnetorv orguuizutiou and maximum production. 
217. 320 

Feed devici-H, |>ositive, on drilling machines, 249 
ilrivc. power ubsorbi'd in, 253 
effeet on chattering, 226 
fiu'tors effecting, 242 

or traverse, pn'ssure in case of iioii-cleiiruiicc 

tools. 258 
.stresses, 289 

table for det,erinimng. 334 
wood working operations, 209 
Feeds and speeds, drills, 197, 244, 248, 249 

gam in ease of rotar% tools, 194 
milling operations, 250. 268 
reamers and like tools, 219 
Sec also Sprreds 

Ferriti', 27-30, 38 

Eery pyrometer — see Pvromeler 

“Fiddle" principle in machine design. 279 

File cutting chiwds, bardmiing le.mpcrature for, 97 

File test. 180 

Files, high-speed, 201 

Finish grinding in toolmaking. 149 

111 W'ood working operations. 209 
influence on efficiency of drills, 27.5 
Finishing ehilled easlings, 193 

cuts, effect of using poorly ground tiKils 
on, 230 

efficiency of high-speed tools, in. 
*208 

speeds in, 2.50 

hardening temperature for, 96 
in manufacture of high speed steel bars. 
59 

tools, grinding of, 137 
Fire —see Forging; Hardening; etc. 

Fire end pyrometer, 159 

ends (pyrometer), care and protection oh 

164-165 
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Fire ends of, 162, 165 

Fish oil, for quenching bath, 100 
Fixtures, use of, in accelerated production, 212 
Fixing the state of steel, 33 
Flat drills — see Drills 
Flaws and cracks — see Cracks 
Flushing, in grinding, 136, 148, 151 ^ 

Forge, Catalan, 3 
•gas, 66, 67 

shop, place of high-speed tools in, 206 
Forging, pnniitive, 1 ^ 

or machining tools, expediency of, 77 
tho tools, 64 fi neq. 

expedients in, 73 
hre fur heating, 66, 68 
gages for uw* in, 73 
hammering, cautions as to, 70 
heating for, 68 

rough pr close, cxiK^dieucy of. 
73 

successive steps in, 71 
ttunperature n-quired. CO 
tungsten steels, diffienlty of, 69, 71 
Forming cutters, hardening temperature, 96 
dies, 206 

knives for wood working, 209 
Formulas in metal rutting operations, 336 

theoretical, for high speed steid com¬ 
position, 45 

Fosler ring turrel. lathe, 278 
Frames of inaehme tools, spring in, 298 
Front slope in nulling cutters, 267-269 
Fuel for heating furnaces— see Furnaces 
Fumes, disposal of, 107 

from hariiiiii chloride bath, 113 
from lead bath, 107 
Furnace, annealing, 129 

barium chloriile ireatment, 109 

coke filed, 67, 78 

crucible, 86 

cylindrical, 86 

design of, 78. 82. 109, 130 

electrical, Ill 

operation of, 113 

eipupmcnt for toolmaking plant, 84 
fuel to uw. 67, 78, 80 
gas fired, 80 

convenience and economy of, 

67 

operation of, 111 
venting of, 111 
hardening, 78 

melting, in high siH'cd steel manufac¬ 
ture, 55 
oil fired, 78 

muffle, use in steel making, 7 
oil fired. 78 
open hearth, 9 

temperature fluctuations in, 107 
tempering, 82, 122, 124 

Gages, forging limits, 73 

function in accelerated prfiduction, 315 
Gaging temperature—see Temperature 
Gamma iron, *33. ^4, 38 
Gas, as a furnace fuel, 80 


Gas, cost of. 81 

forge — see Furnace 
furnace — see Furnace 
kind to use in gas fired furnaces, 82 
plant for manufacture of, 81 
Goar cutters, 106 
Gears, in machine tools, 289 

strengthening of, in remodeling machines; 
297 

stripping of, in reciprocating machines, 298 
German silver, high-speed tools for working, 211 
Glazing of grinding wheels, 135 
Gladwin, Mr. Henry, improves method of air 
hardening, 14 

Gledhill, Mr. J. M., on cooling tools,* 102 
Graphite, free, in steel. 27, 29 
Grinding, nature of the oiwration, 136 
of tools, 134cfs<?5. 

allowance for, m size of tool, 
76, ISO 

amount of material removed, 
152 

automatic or hand, 140 
checking of surfaces in, 148 
cup wheel, advantages of in, 
142, 146 

design of machines for. 138 
direction the whwl should run, 
150 

disc wheels, disadvantages of, in 
certain (!a.si*8,-146 
drills, 137, 148 
dry or wet, 148 
edge tools, 137 
equipment for, 141 
face or hind (back), 152, 267 
finishing tools, 137 
frequency of, 152, 230, 303 

and Up slop<‘, 257 
relation to cutting 
speeds, 235, 241 
hot tools, 76, 149 
importance of proper. 134 
improper, and effect on finish 
cuts, 230 

inaccurate, and chatter of tool, 
230 

increase of efficiency with suc¬ 
cessive grindings, 76, 149 
ntervals between (see also 
frequency, above), 303 
jigs or fixtures for, 142, 145 
off excess metal, 76. 149 
organization for, 322 
tKisitive feed in, 146 
prior to hardening, 76, 92, 148 
proper, a factor in efficiency, 237 
rotary tools, 230 
ruin of tools in, 135, 136 
stone to use, 134 
V-shaped periphery, advantages 
of, in certain cases, 147 
wheel to use, 134, 148 
wheels, dressing of, 138 
glazing of, 136 
kind of, to use, 134, 148 
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Qria'dittf: wheelii, “loading" of, 135 
,, running speed of, 138 

‘ truing of. 138 

“Guttering'’ of toots, 222 

Hack saws, high-speed, 201 

Hadficid steel, use of, in clitiied roll dnishing. 193 

Hammer, power, advantages of, in forging, 70 

Hammering high speed steel bars, 61 

Hammering, in forging, 70 

Hammers, high-speed, 207 

Hand tools, high-speed, 200 

Handling to<d8 in the barium ehloride proeess, 118 
heating, 96 

•' ' special tongs for. 97 

Hardening, barium chloride process, 105 el xeq. 
bath for heating, use of, 107 
carbon steel t(K>ls bv lianutn cldondc 
or other hath process, 117 
dies, 118 

diffieultv of. in case of certain tools, 265 
drills, method when using oven fur¬ 
nace, 96 

rjiienching or ciKihng of, 100 
temperature for, 96 « 

viTticul furnace for. 83 
edge tools, teiniieratiires, 96 
effect f)f tongs on, 94 
electrical, 102 
elements, 62 

cost of. 62 

influence of the several, in 
steel. 32. 39-45 
essentials of the method. 101 

Taylor-White method, 
101 

Fred W 'J’aylor on, 332 
heating — see Heating, below, also 
Temperature regulation, etc. 
influence of carbon on. 32 

chromium on, 39, 44 
manganese on. 39-44 
molybdenum, aluminum. 

and tantalum on. 44 
nickel on, 39 

sulphur and phosphorus 
on, 45 

titanium, uranium, and 
vanadium on. 43 
tungsten on. 40-45 
load bath method, 107 
martensite produced in, 35 
method of heating, 93-96 

ordinary, 13 
mushet steels, 13, 14 
plant, arrangement of. 87 
equipment tor, 84 
pre-heating the tools in, 92 
superheating, effect of, 16 
temperatures — see Temperature 
theory of, 25-35, 38 
water cooling, ' .o, 97 

See also Heating; Quenching; Temper¬ 
ature; etc. 

Hardness, extreme, not essential in highspeed 
tools, 121, 180 


Hardness, of material, relation to nutting speed, 
257 

tool, effect on cutting speed, 240 
red-, — see Red-hardness 
test, 180 

Hartness, Mr. James, on non-clearance tools, 257 
^ type of tools — see Non-clearance tools 

Head, lathe, design of, 281 
Heading dies, 206 • 

Heat, development of, in metal cutting, 6, 182 

dissipation of, a^the cutting edge, 232, 257, 
262-264 

regulation of — sec Temperature rcgula- 
t.!on 

treatment of higli-specd steel, theory of, 42 
tminganesp ste<d, 39 
steel, effect of. 29 

Heating, difhculties of, iii ordinary furnace, 107 

duration and cxlcnl of, in annculing, 131 
barium chlo¬ 
ride process, 
114 

forging, 68 
hardening, 91 
tempering, 125 
effect of rapiil and of slow,-compared, 31 
uneven, in forging, 68 
for annealing, 130-133 
forging, 68 

hardening, 91, 113-116 
tempering. 122-126 
gradual, necessary in forging, 66, 68 
handling of tools while, 96, 118 
in lead bath, 107 
method of, in hardening, 93, 96 
of tool during grinding, 136 
slender tools. 

uniformity in barium chloride process, 
107-108 

Heavy cutting, high-siM’cd tools and, 187 
on castings, 190 
or close forging, 188, 190 
preeminence of high-speed tools in, 
188 

when desirable, 188 
Helical milling cutters, 266 
High-hcat treatment, 15. 20 

and red-hardness, 47 

also Barium chloride 
process: Hardening: Heat¬ 
ing; Taylor-White pro¬ 
cess: etc. 

High-speed cutting, power absorbed in, 194 
razors, 19, 208 
steel, adaptability of, 211 

analysis or composition of, 25. 

46. 47. 48, 330 
brands or makes, 17 

selectionof, 319 

characteristic properties of. 47 
composition of — see analysis. 
above 

constituents of, 62 
cost of. 62-63 
defects of early. 17, 186 
development of, 17, 20 
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HiRh-apeed steel, espedal field for, 187, 3D3 

heat-treatnieot of (aee also Heat* 
ing; High'heat treatmeot; etc.), 
42 

influence of the ingredients (see 
also Hardening). 32-45 
liiiiitations of. 211 ^ 

manufacture of, 55-63 
marvels of, 18 

"new,” "superior,” "improved," 
etc., 5J-63 

place of, in engineering, 186 
range of utility, 186 et seq. 
reason for high cost, 61 
recent developments in, 51-53 
relation to inushet steel, 46 
stinted usc‘ of, 64, 275 
theondical ft>rmulas for, 45 
wood-working tools, 18, 206-216 
t(M>Is — see Tools 
when undesirable, 238 
Holborn-Kurlbaurn pyrometer, 158, 167 
Holding tools m machines, 285 
Hood for forge fire, 66, 91, 130 
Hoskins pyrometer, 158, 162, 163 
Hot-forming and pressing dies, 206 
Hot grinding of tools, 149 
Howe. Professor, theory of steel hardening. 38 
Huntsman, revives crucible process, 8 

Ice bobbin, use of, in pyrometry, 164 
Identification of tools, 76 
"Improved” high-8p<.‘ed stiicls. 51-53 
Industrial revolutions, manner of accomplishment, 
16. 300 

Indication of temperatures, distant (mu; uI.ho Tem¬ 
perature). 160. 166. 173, 175 
Ingot molds. In manufacture of high-speed steel, 56 
Ingots, topping of. 62 

Ingredients of high-speed steel. inHuimcc of the 
several. 32-45 

Inserted-eutter tools—see Composite tools; Tool 
holders; etc. 

Inspection, careful, a factor in effecting econo¬ 
mies, 237 

Interlocking milling cutters, 270 
"Intermediate” steels, nature and composition of, 
50-53 

neini an<l utility of, 48 
ItitJirnal cutting, speeds in, 247 
Iron, alpha, beta, gamma, and maguctic, 33, 34. 38 

Jigs and fixtures, us4> of, 212, 278 

design of, in accelerated production, 308 
for tool grinding, 142, 145 
use of, a factor In accelerated production, 237 
See also Chucks 

Jobs, changing over to use of high-speed tools, 323 
classification or standardization of. 306, 328 

Kerosene for quenebiug. in hardening, 100 
"KiiHBg”or "dead melting” in crucible steel manu¬ 
facture, 58 

Knives, higb-^peed st^l, 206 

wood'Worklng, IB, 106-210 


Labor, an important factor in tool efficiency, 252 
I>ag, in annealing, 172 

conversion of steel constituents, 30 
cooling as compared with berating critical 
' range, 30 

pyrometers, 184, 171 

Land grinding, ou rotary tools, 142, 152, 267 
Lathe beds, form of, 279, 281 
centers, design of, 284 
continuous head and bed, 283 
design — see Machine timl design 
heads or stocks, 281 
Ixi-SwiDg type, 281 
primitive, 2 
ring-turret. 278 
stocks, adiustability of, 281 
tad. 284 

tools — see Tools 

Lead bath, difficulties m use of, 107 
uses of, 94 

].ead, m twist drills, 273 
I,c Chatelier pyrometer— see Pyrometer 
Length or duration of cut, effect on cutting speed, 
241 

"Lettiiyi; down” martensite, 37 

or temi>ering, 121 

Life of tiKjl — see Tool; Grinding; Kndurance; etc. 
Limitations of high-sp<'ed steel, 211 

tools. 187, 207 
Limits gages, m forging, 73 

of pyrometer ranges, 158 
Line shafting, power absorbed by, 287, 289 
Lip angle, infiuence on rutting speed, 235 

surface, pitting, guttering, or wearing of. in 
metal cutting, 223-224 
pressure upon, in cutting, 217 eC seq. 
"Ivoading” of grinder wheels, 135 
Lo-Swing lathe, 281 

]yOw-heat treatment and tempering. 122 

in the Taylor-White method <»f 
hardening, 102 
superfiuous^, 102 

Lubricant or cooling agent, effect of. on cutting 
speeds. 235. 241, 246 
Lubrication in cutting aluminum, 269 
remodeled machines. 296 
of cutting tools, 232 
machine tools, 283 

• Machine operator — see Workman 

tool e<impinent a factor in tool efficienf\', 
276 

tools, adjustments in, 285 

automatic, and high-speed threiid- 
ing tools, 201 
plact‘ of. 304-305, 310 ' 
tool liibricatioD, 232 
brakes on, 286 
design — see Design 
endurance of, 307 
new typos, 276 

requirements, 317 el eeq. 
pulling and feeing power, influence 
on possible speeds, 242 
reciprocating, limitations of, 260 
relation of powering to capacity, 286 
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Maefaioe tools, remodeling of, 295-299, 307, 317, 324 
^ rigidity in, 212 

• scrapping of, 

single purpose, 278 
supereeding of, 308, 317 
speed changes in, 287 
tool efficiency and adequate equip* 
ment, 188 

torsional strains in, 286 
use of. with high-speed tools, 298 
types, inadequacy of old, 19 
Machinery, influence on development of steels, ft 
Machining, allowance for, in manufacturing, 227 

tools from stock compared with forging. 
.• * 129 

uuannealed high-speed steel, 61 
compared with forging and flntsh ma¬ 
chining, in rapid production, 66, 77 
Magnetic chucks or jigs, use of, lu rapid production. 

308 

property of steel, effect of heat on, 29 
Mainteounce cost of machines, 307 
Malleable castings, allowance for machining of, 227 
broaching of, 20>) 

iron, cutting speeds and feeds i^n. 245, 
249-260 

Manganese and red-hardness, 44 

effect on hardening, 39 
influence and iiniKirtauce of, in high- 
sjH'ed steel, 13. 2.3, 44 
steel, effect of annealing, 39 
heat treatment of, 39 
unsuitable^ for cutting tools, 39 
use in chilled roll turning, 193 
Mangane.se-bcssemer steel, 13 
Manufacture of high-speed steel. 55 et seq. 

tools — see High-speed 
’ tefols 

steel, later methods, 7-12 

primitive methods, 1-6 

Marble working, 211 
Marking of tools. 76 
Martensite, 33 

in high-speed steel. 42 
nature of, 38 

produced in the hardening process. 3.> 
Material, character of. influence on cutting S(>eedH, 
250 

handling and storage of. 312 

of. a factor in rapid production, 
237 

in process, routing of. 322 

reduction of scrap in. 306 
non-uniformity of, 303 
refractory, cutting of. 303, 323 
transportation and storage of. 312, 318 
Maximum effect, conditions of, 212 et seq. 

pniduction, conditions of. 239, 304, 310 
factory organization and, 
317 

iuloUigent supervision and. 
3;:. .rs 

wage system and, 321 
See al 'O Production 

Melting high-speed steel, methods of, 56, 58 
point of high-speed steel, 96 


Mesure and Nouel pyrometer — see pyrometer 
Metal cutting, ancient methods. 2 
cost of, 336 
development of, 5, 14 
limitations of tools, 14 
nature and theory of, 215-228 
pressure oscillations in — chatter, 
^ 226 

problems involved, 226 * 

nature of the variables in, 240 
tearing action in chip formation, 221 
quality of, effect on cutting speed, 240 
working, ancient, 2 
Method, scientific, and industry, 178 
Methods — see under the various processes 
Milling and planing compared, 194 

cutters, allowance for shrinkage, 181 
clearance required, 195 

ID aluminum 
cutting, 269 

composite (8(‘e also Coinpusitu 
tools), 263 

design of — see Design 
efficiency of (see also Efficiency), 
194-196, 208 
front stojie in, 267 
grinding of. 137, 141, 142, 148 
hardening temperatures, 96 
heating for hurdeiiing, 93 
helical, 266 

inserted teeth (w'c also (’oinposite 
tools), 195 
interlocking, 270 
lacked edges, 270 
number of teeth. 195, 268, 269 
peripheral sp^H^ds, 250 
“riding” of, 244 
shape of cutting teeth. 266 
tempering, 127 
feeds in. 247, 250. 268 
in finishing operations, 208 
refractory materials. 196 
speed or feed increase’, 194 
speeds m. 247, 250 
traverse in, 244 
Motor drive — see Drive 
Motors for auxiliary drives. 285, 288 

variable speed, in machine driving, 287 
Molybdenum, cost of, 62 

influence in high-speed steel, 44 
Morse thermo gage. 158, 167 
Muffle furnace, use of, 7 
Muffles, use in oil-flred furnaces, 78 
Multiple tools, use of, in rapid reduction. 198, 200. 
246 

Mushet, improves the crucible process. 8 

develops self-hardening or mushet steel, 
13. 24 

steel, character and composition of, 23, 
40. 46 

discovery of, 13 

effect of high-heat treatment on, 15 

introduction of, 8, 14 

place in engineering 

relation to high-speed steel, 4^ 

tungsten and chromium in, 4\ 
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“ New" high-speed steels. 51-53 

hardcniog of •— see Hard¬ 
en iog 

quenching in water, 53, 
97 

tempering, 121 
Nichuisoii experiments, 218, 220, 221, 253 
Ni<;k«‘l. iiifluenet‘ in high-speed slcol, 44 
ijffect on hardening, 39 
steel, 39 

cutting on, 245, 2.51) 

use for tool liolders, etc., 203 
Nickel-chrome Kteel, niilling'of, 190 

thermo-couple, 101 
Nicking of milling cutter teeth, 270 
or stamping tools, 70, 185 
Nomenclature of steels, 22 

Non-clearance cutting tools, 216, 242, 257, 259. 
280. 287 

Non-cutting oiicrations, high-speed tools for, 20;{ 
Noii-im'tal working operations, higli-spi'ed tools m, 
209 

Noii-uiiiformity of iimlerial and use of high-speed 
tools, 303 

Nozzles, in wi^t grinding, 148 

Odors, suppression of. m oil queiK-iiirig hat h, 10(1 
Oil as a eooling agent in grinding, 148 
lire<l furnace — set- I’urnucc 
(|Uonchmg in (see also (^iietK-limg), 79-100 
lenifiermg furnace, 124 

operation of, 12.5 

(Jpen hearth steel, inaiiufucl ure of, 9 
Ojierator, iiiaeiiiiii* — see Workman 
Optical pvTumetry (see also J'\ ronieter). 1.5S, 1().5. 
166. 169 

Ores, primitive molhods of I'xlraetmg, I 
Organization of shop and maximum luotluciion, 
310 

tool room - see Tool room, and 
Tool suppK' 
problem of, 300 
Overliang of tools, 228, 229 

ndatioii to number of grindings, 
267 

Overloail, provision for, m powering of muehme 
297 

Oxidation, air <iuenching and, 99, 114 
cause of, 9.5 

in th(‘ heating furnace, 68, 80 

of the lead bath. 108 

prevention of, in annealing, 130-132 

bjirnitn chloride jiio- 
ce.ss. 105, 108. 114 
hardening, 94. 105-100 

pRck-hardening, 94 
Paper cutting knives, high-speed, 209 
ParafBne oil ae a lubricant in cutting operations, 
233, 269 

aluminum cutting, 
269 

Pearlite, 27 

conversion of, 29 - 
nature »f, 38 

Performances of carbon stwl tools, 6 


Performances of high-speed tools. 18. 52 

"new" high-speed steels, 62 
see also EfBciency 
Peripheral speeds, drills, 248 

milling cutters, 250 

table and method 
for determin- 

* ing, 334 

Personal equation in tpm{>orature determination, 
93. 124, 150. 171 

Phospliorus, effect of, in steel, 23 

influence in high-speed steel, 45 
Photometric pyrometer, 158, 166 
"Pickling," in the manufacture of hlgh-8p<*cd steel, 
62 

I'lteh, 111 cutters working on aluniinum, 269 
milling cutters, 268 

" Pitting," of surface of tools in hardening, 119 

(wearing) of cutting hpof tool, 223, 224 
Planer tool, compound. 183 
tools, 194 

breakug(< of, 194 
{w<K>d), knives, 209 
Planers, ai'celeratc'd sjx'ed. 292 

, see also Reciprocating tools 
Planing compared with rotary cutting, 194 
cutting speed m, 194, 2.50 
efficieneies in, 194 

machine design (see also Design of ma¬ 
chine tools), 286 

Plalimim-rhodiuin therMio-cou|>h-, 161 
l‘iu‘uiiiatic tools, dies tor, 207 

haideiung tcmperalures, t)7 
"Poker" jn'roineter, 159 
Power ubaorbefi by line shafting, 287, 289 
maehinc tools, 287 
old tV|H‘a of muchme.s, 303 
in feed ilrive, 253 

rapid I'uttiiig, 194, 286 
available, a factor in cutting siK'cds, 244 
required, a factor in the use of high-speetl 
tools, 307 

tniiistiiib.sion of, 289 

Powering, ample, a requisite in lilgh-spt*cd iim- 
chmes, 278 

in remodeled muchiuoa, 296 
of machine tools, 280 

provision for over¬ 
loads, 297 

relation to capacity, 
289 

Pro-grinding, wheel for use in, 148 
IVo'lieating furnace, 79, 92 

m the barium chloride process, 115, 116 
tool hardening, 92, 115, 116 
Premium system of wage payment and the use of 
high-spt^ed tools, 310 
Press dies, 206 

working operations, 206 

Pn'.sMure. lur and gas in gas-furnace operation, 82, 
111 

feed, in case of non-clearance tools, 258 
on lip of tool, influence on cutting speed 
and efficiency, 236 
tool in cutting operations, 19 

uon-ulcarauce cutting tools, 258 
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Pressure on tool, iofluence of. 23S 
, osoillatioos in metal cutting, 214, 210, 
220, 226 

. on cutting tools, 254 

Primitive tools and methods of making them, 1 
Prismatic pyrometer, 158, 166 
Problem of organization, 300 

Problems iu the use of high-speed tools — see High¬ 
speed tools 

unintelligent attacking of. 64 
Production, accelerated, methods of securing (see 
also Maximum production), 323 
maximum — see Maximum produc¬ 
tion 

•’ bf'ychology and physiology of, intensi¬ 

fied, 304 

“Pulling” the crucible, 56 
Punches, high-speed, 203 
design of, 274 
efficiency of, 204 
forging or machining of, 77 
hardening temperatures, 90 
tempering of. 128 
J’unchmg operations, 204 

replaced by drilling, 197 ^ 

Pyramids, ttxds used in construction of, 1 
Pyrometer, adaptation to purpKise, 157 

atteiiUoii to, in heating operations, 93 
Hnstol thermo-couple. 158, 1(»2'164 
Prown platinum, 158-159 
electrical resistance, 158, 164 
expansion, 158, 159 
Fery absorption, 158, 166 

radiation. 86, 158, 169-171 
IIolborii-Kurlbauni, 158, 167 
Hoskins thermo-couple, 158, 162, 163 
iu hardening, 86 • 

lag in, 164, 171 

J-e Chatelier electrical resistance, 165 
optical, 158, 166 
thermo-couple. 158-161 
manipulation of, 165 
Mesure and Nouel, 158, 166 
optical, 158. 1^5 et seg. 
photometric, 158, 166 
power of discrimination. 162-171 
prismatic. 158, 166 
radiation. 158, 169, 170 
resistance, 158, 164 
selection of. 173 
"HentincJ,” 87, 157, 158 
theqiio-couple, 158 et seq. 

Hehliug, 158, 105 
use of, 115 
Wanner. 158, 166 
water current, 158, 159, 165 
Pyrometers, accuracy of, 162, 167, 1C9, 171 
calibration of, 87, 162, 104, 170 
checking for accuracy, 87 
conspectus of, 158 
deterioration of, 87, 162, 165, 169 
discrimination o. -tj, 164, 166, 107, 
169, 171 

limits of ranges, 1*8, 161 
respoosivencss of, 164, 171 
Pyrometry, 165 et eeg. 


Pyrometry, optical, lQ5eia»j. 

recent developments iu, 163 

Qu^ity of material, effect on cutting speed, 235, 
240. 241 

(Quenching agents, 97 

air, apparatus for, 84 
cautious UH to, 100 
methods. 97, U4. U6 
Dictho'ds in connection with barium 
chloride pro<^e88, 114, 116 
oil, apparatus for, 99 
kind of oil to use, 99 
methods of. 99 
slender tools, 100 
special methods, 102 
water, 53, 97 

(Quivering, iu metal cutting (sec also Vibration; and 
(flatter), 213 

Radiation, black body, 171 

pyrometer — si'c I'yromcter’ 

Rake, in case of iiilernal cutting tools, 247 
milling cutters, 267-269 
lack of. in reamers, 249 
Range of utility of high-speed steel, 186 e( seg. 
Hanges of pyrometers. 158, 161 
Pallid production —see Maximum production 
leilucfibn. iiw of multiple tools in. 246 
steels (same as high-speed steels), 13 
Ibizors, lugh-apc<‘d, 19, 208 
Peaniers, adjustable or i-xpansion, 271, 272 
clearance and relief in, 272 
(h'sign of, 270 
efficiency of. 199 
floating. 

grinding of. 142. 145, 148 
hand, 201 

inserted cutler (sei* also Design of tools; 
(.'oinposite tools; ('onipouiid tools; 
etc.), 200, 271 
nature of work of, 272 
quenching of. 100 
Sfioeds and fc*eds for, 248, 249 
teni(M‘riug of, 127 
wear of. 199 
welded blade, 184 

Reaming, coring, and displaced by drilling, 190, 197 
Re-annealing tools, 76 
Kccaleseeuce — see Critical points 
Recarbunzmg. in Bessemer process, 11 
Reciprocating machines, breakage of tools in, 194 
high-speed tools and, 193 
hinitutiuDS of, 290 
remodeling drives of, 298 
rotary cutting and, 194, 
212, 292 

stripping of gears in, 298 
tendency away from use 
of. 212 

Records, temperature, forms of, 76, 177 
tool making, 178 
Hed-harduess, 41, 42, 47, 121 

manganese and, 44 

pnxluction of. in high-speed steel ,332 

range of, Frontispiece, 41 
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Hed-Bhortness, 23 
Reduplication of tcKils, 179 

UcfinenieDl of noethud in tbe manufacture of hiKli- 
speeil Rtecl, 61 

Hcfinemont of method in the manufacture of high- 
Bpeod tools, 78 

Refractory materlaU, high-speed tools and, 303, 323 
milling of. 196 ^ 

Re-grintliug — see Grinding 

Regulation of temperature — see Temperature 
regulation ^ 

Relation of tool and work, 212 
Relief in ruatnerB, 272 
Re-makmg worn t-ools, 183 

Remodeling of machine tools — ace Machine tools 
Repair of broken tools — welding, 184 
Repetitive work, production of. 277 
Resistance pyrometer — sei* Pyrometer 
Responaiveness of pyrometers — see I'yrometers 
Reversion, austenite to [learlite, 31, 33 
Revolutions per minute, table for determining, 334 
“Riding” of tool against flank of work, 258 
tools, 226, 244. 247 
Rigidity in machine tools, 212, 279 
l(K>I holders, 262 
rests, 285 

securing m remodeling of machines, 298 
Ring turret latlie, 278 
Riveting dies, 207 

Hock drilling, high-speed sleol in, 211 
Hulling high speed steel bars, 61 
Rose n^amers --see Reamers 
Rotating tools, composite — see Design of timls 
Rotary cutting compared witli reciprocating cuts 
(see also Reciprocating machines), 194 
Rough forging and hcavv gniKUng compared with 
close forging, 73 

surfaces, prevention of, on certain tools, 181 
Roughing cuts, si>«ed8 m, 245 

tools, tempering of, 127 
Routing of pieces in process. 322 
Run. length of, a factor in cutting speed, 241 
Running speed of grinding whe<>ls, 138 
time, standard, 230 

Sandstone wheels for tool grinding. 148 
Sawing high-8i>eed 8t<‘el, 65, 185 
operations, 201 
Saws, grinding of, 144 
high-speed, 202 
inaerted tooih, 265, 267 
“Scaling,” causes of, 95 

see also Oxidation 

Scrapping of machine tools (see also Machine tools), 
207, 295, 303, 304, 308 
material m process, minimizing of, 
303, 304, 306, 327 

Screw machine tools, hardening and tempering of. 96 
Self-hardening steels — see Musbet steel 
Self-sharpening of tools (see also Non-clearance 
tools), 215, 216 

Self-treatment <low-beat) of high-speed tools, 102 

Semi-high-speed steels, 49. 50 

Sentinel pyrometer, 87, .157 

Separating stock from bar, 66, 186 

Shank, strength of, in reamers and similar tools, 271 


Shanks of twisted drills. 274 
Shape of tool, influenne on cutting speed and effi¬ 
ciency. 235. 263 

Shaper operations, cutting speeds in. 250 
tools, 194 

Sharp tools, advantages in using, 152 
Sharp-angle tools, Hartness type, 216. 242, 257, 287 
Shaving, high-speed, 19, 208 

Shaving or chip, nature and formation of. 215 et neq. 
Shear bla<les, composite or compound, 184, 203 
hardening temperature, 96 
tempering of, 128 

steel, 7 

Sliearing action in chip formation, 218 et seq. 
nature of, 219 . 

operations,* use of high-speed tools in. 203 
Shears, design of, 274 
high-speed, 203 

Shop organization — see Organization 
Shriitkagii, in hardening, allowance fur, 181 

minimizing in barium chloride process, 
117 

Side slope in lathe tools, 257 
Silicon, function of. in steel iiianufaeture, 45 
influence in steel, 23, 45 
Size, allowance for loss in grinding, etc., I8U 
Slender tools — we Tools 
Slide rule, Barth, 236-237 

Slide rule, use of, in solution of rapid production 
problems, 310 

standardizing cutting opera- 
, tions, 236 

SIoMer and sind^r tools (see also Reciprocating 
machine.s), 19v 
Slotting, use of saws for, 202 
Smelting, prehistoric, 1 
Smoothness of tool surface, securing, 181, 182 
Snap dies, 207 

hardening temperature, 97 
tempering, 128 

Sodium carbonate (soda ash), 113 
Soft metals, cutting of, 211 

rake for milling cutter teeth. 

in cutting, 209 
speeds on, 245 

Softening of tool edges in metal cutting, 224 
Solidity in machine tools, 212, 279, 280 
“Special” high-speed steels, 50 
Special tools, use of, in preference to standard, 261 
Speed, accelerated, in planing machines, 292 
changes in machine to<ils, 278, 287, 290 
remodeled machines, 296 
gains in newer types of reciprocating ma¬ 
chines. 194 
meter, use of, 239 
tables, Taylor standard, 339 

too fast?, 239 

Speeds, cutting — see Cutting speeds 
Spindles, in remodeled machines, 298 
use of hollow, 283 
Splitting of drills, 273 
Sponge iron, 3 

Stamping or nicking tools. 76, 185 
Standard running time, 230 

tools (see also Tools), 255 
Taylor, 259 
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ewnaaroisatioQ ot toois isee aiso looi design; and 
Tool supply). 238 «€</. 

StaodardisiDg depth of cut* 238 
« jobs, 328 

Steel, beMemer, 9-11 
blister, 7 
carbon. 23 

composition of, 24 
microscopic structure of, 26 

cast, 8 

cementation, 7 

composition of — see Steels, below 
constituents of. 2.S'-38 
:ruciblc. 3, 8 

early manufacture and use of, 3-4 
• ’ revival of method of manufacture, 8 
'utting speeds in drilling, 249 
milling, 250 
on, 244, 245 
Damascus, 3. 4, 8 
dehnition of, 22 
development of, 7, 13 
double or double shear, 7 
electric, 12 

fixing the several states, 33 
for universal use, 47 
high-speed — see High-speed steel 
“intermediate,” 49 

influem*e of the several ingredients, 32-45 
manganese-bessemer, 13 
manufacture, discovery and development of 
methods, 1 et aeq. 
methods of modern. 8 el $eq. 
modern sci^|ice of, 7 
primitive methods of, 1-4 
production of uniform qual¬ 
ity, 5 

musbet — see Muahet steel 
nickel, 23 
nun-tungsten, 51 
open hearth, 9 
prevention of defects in, 23 
properties of, 22, 40 
theory of hardening, 2!) el aeq. 
tungsten (see also High-speed steel; Musbet 
steel; etc.), 13. 23 
Steels, air-hardening, 13 
alloy. 22 

ancient, defects of, 5 

remarkable properties of, 5 
similarity to modern steels, 7 
composition of carbon, 23. 24 

high-speed or air-hardcnfng, 
25. 46, 330 

“intermediate," “semi-hlgh- 
speed,” "special,” etc., 
50, 330 

mushet or self-hardening, 23, 
24. 46 

voriatioos in, 24 

microscopic structure of, 26 el eeq. 
nomenclature ot, 22 
rapid (same as high d), 13 
self-hardening — see Mushet steel 
semi-high-speed, 49 
"special," 49 


Steels, variations in quality of primitive. 6 
water hardening. 22, 51. 53, 97 
Steady rest, use of. 242 

Stiffness of tool, induence of. on cutting speed, 236 
Stock, heavy, recommended for high-speed tools, 252 
separating from the bar, 65. 185 
Stocks, lathe, 281. 284 
Stone cutting, high-speed tools for, 211 
to use in tool grinding, 134 
{^top watch, use of, in standardizing jobs.'239 
Storage, auxiliary (materials in process), relation to 
rapid production, 312 
of materials a factor lu rapid production, 
23V * 

Strains, effects of. 93 

guarding against, in tool nmkiug, 76 
internal, development of, in tools, 61, 65, 
68, 93, 97. 118. 125 
torsional, in machine tools, 286 
Strength of structural forms, relative, 279 
Stresses, feeding or traverse, 289 

on high-8()eed tools, 19. 252 
tool, in sharp-angle tools, 250 
lip slope and, 257 
relation of cutting angle to, 256 
Structural forms, relative strength of, 270 
Sulphur, effect of. in steel, 23 
in high-speed steel, 45 
“Superior” high-speed steels, 51 
Super-heat treatment (see also High-heat treat¬ 
ment), 15 

Supervision, inlelliguut. and effective use of high' 
spt'ed tools, 310, 317. 318, 320 
SwiHlisb iron, 28 

in high-speed steel, 62 

Table traverse —see Traverse 
Tantalum, nature of, and influence in high-speed 
steel. 44 

Taps and dies, threading, breakage of, 201 

cutting speed of, 249, 250 
cutting the threads. 181 
design of, 201 
efficiency of, 201 
hardening by the barium 
chloride 
process. 117, 
118 

temperature, 

96 

prevention of rough sur¬ 
face on. 189 
tempering of, 127 

Taylor, Fred W., develops the high-heat treatment 
for tungsten steels, 20 
doctrine of re-grinding tools, 303 
experiments withmusbetsteels, 15 
formulas for metal cutting opera¬ 
tions, 236 

on the hardening of bigb-epeed 
tools. 101, 332 

standard cutting speeds, 238, 330 
tools. 242, 255. 259 
The Art of Cutting Metals," In¬ 
troduction, 332 . 

Taylor-White method of hardening, 101, 332 
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Taylor-White process as a factor in the develop¬ 
ment of tool steels. 8 
development of, 14 
essentials of, 101 
the hiah-heat treatment, 15, 
101 

Tearing action in chip protluctkm, 221 
Teeming, in the manufactun* of high-si^eed steel, 
58-59 ^ 

Teeth, number of. in milling cutters, 195, 208, 209 
Temper colors, 37 

Tetnperaturi! and color, relations of, 93, 124, 155, 
1.56. 106 < 

annealing range, 131, 132 
" <'i>ld end," muinteiiunce of, 103, 104 
cones ("wntiiiel pyrometer”). 87, 157 
control in barium elilorklo proccss.107 
detenniuutiun, 155 

colors and, 93, 124, 
155. 150, 166 
eye and, 93, 124, 155 
personal e<iuation in, 
171 

see also Temperature 
uuliejition, below 
effects of, uusuitabli', 01 
flueluntioDs in barium chlondi' bath, 
115 

oven and other fur¬ 
naces, 107 

forging. 69 

gages, ailuptntinn U) purpose, 157 
conspectus of, 158 
need frir, 80 
ranges of, 158 
see also Pyromi'ler 
hardening, Iniiils of, 93, 96 

in pn‘-heating, 116 
range of, Froutispieee, 15, 

41 

regulation of, 86, 93, 174 
permissible varmlion.s m, 
97 

summary of, 96 
see alsi) under particular 
tools 

indication, distant, 160, 169, 173, 175 
measurement, uncertainty of, 124 
range in red-hardness, Frontispiece, 
41 

hardening. Frontispiece, 15, 41, 
93, 96. 97 

records, form of, 176, 177 
reduplication of, 109 
regulation in barium chloride process. 
113-116 

ooke furnace, 68 
system of, 86, 174 
value of data, 175 

rolling or "finishing” high Sfieed steel 
bars, 61 
tempering, 127 

range in, 121, 122 

Tempering, 121 

a heat treatment, 29 
walloy bath method, 128 


Tempering and the low-heat treatment, 122 
electrical, 126 
furnaces, 122 

importance of data and method, 127 

in oil. 38, 124 

nature of process, 37 

oil required, 126 

purpose of, 35 

range of temperatures, 15, 37, 127 
temperatures, summary of, 127 
the "new” high-8i>eod steels, 121 
time required for, 123, 125 
Sec also under particular tools 
Test record form, 324 
Tests, the making of, 319 
Th«‘rmo-(*ouple pyrometer, 158, 159, 109 

pyrometry, recent developments 
in. 163 

Thermometer, mercurial, where used, 157 
Threading tools — nt*e Taps aud dies 
Timo-labor, a factor in efficiency, 2.52 
Time necessary in annealing, 61, 130, 131, 132 
of cutting, wiicn relatively short, 238 
required for cutting, diagram for determin¬ 
ing, 336 

4 tempering. 123, 125 

Tire turning, 213, 3(X) 

1'itariium. cost ot, 62 

influence in stwl, 43 
Tool base, need for true, 76 
truing of, 76, 228 
cost, — see ('ost of tools 
efficiency — see Efficiency^ 
holder stock, use of, 61, 65, 182, 261 
holders, design of, 261, 262 

limitations and use of, 182, 262 
holding, 285 

position, modification of, iu remodeling iim- 
rhincs, 299 

pressure on, iu cutting (see also Stresses), 
19, 252 
problem, 322 

quality of, effect on cutting speed, 241 
relation to work, 212 
rests, design ot. 285 

room, orgnniiation of, 152, 312, 315, 317 
sections, special, 253 

standard, 252-253 

self-sharpening of (see also Non-clearance 
tools), 215. 216 

steel, cutting speeds and feeds in drilling, 249 
supply and maintenance, 315 
support, in cutting operations, 228 
tests, 319 

Tools, breakage of. 140, 194, 199. 201, 298 

brazed and welded (see also Composite tools; 

and Compound tools), 182 
broad-no8e<i, tendency to chatter, 255 
chilled roll turning. 245 
compound (see also Compound tools; Com¬ 
posite tools; and under particular tools), 
182. 263 

composite — see Compound tools; Compos¬ 
ite tools, Welding; Tool holders^ etc, 
design of — see Design of tools 
deterioration of blanking dies, 204 
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Tools, displaoement of old, by high-speed, tl7 
dulling of, 1A2 
eariiest, 1 

effect of using dull, 162 
efficiency—see Efficiency; and under par¬ 
ticular tools 
endurance limits of, 6 
forging of, 64 „ 

form, relation to chattering, 226 
grinding system, 315, 322 
“guttering” of, 222-223 
handling of, in barium chloride process, 118 
Hartness iiou-clearance — see Non-clearance 
tools 

high-speed, beginiiing the use of, 319 

comparative cost of. 2U, 195 
conditions affecting efficiency, 
188 

conservatism in the use of, 303 
considerations affecting the use 
of. 306 

cost of — see Cost of tools 
economy in the use of, 300 
efficiency (see also under partic¬ 
ular tools), 20 
on east iron,•190 
especial field for, 187, 303 
hand, 200 
handling of. 308 
heavy cutting and, 188 
limitations of, 187, 207 
manufacture of, esfiecial care re¬ 
quired in, 67 
or purchase of, 64, 
134, 155, 308, 

309, 317, 318, 
322 

position in industrial engineer¬ 
ing, 300 

problems affecting the use of, 
315 

reciprocating machines and, 193 
relative economy of, 186 
inserttjd cutter — see Composite tools; and 
under particular tools 
keeping sharp, 151 
lathe, broad-nosed, 264 

compound high-speed-carbon, 183 
grinding of, 142 

Hartness non-clearance (see also Non- 
clearance tools), 257 
Taylor standanl, 242, 256, 259 
tempering of, 127 
maintenance, 322 
• coet, 192 

manufacture or purchase of, 64,134, 155, 308, 
317, 318, 322 

multiple, use of, in rapid production, 248 
nicking or marking, 76 
non-clearance — see Non-clearance tools 
planer, 194 

progressive dulling oi. ^52 
purchase or manufacture of, 64, 134, 155, 
,308, 317, 318, 322 
reduplication of, 170 
repair of broken, 184 


Tools, "riding” of, in outtii^pperatio&s, 226 
seif-sharpSaing — see Non-clearanoe tools 
shaper, 164 

sharp, advantage in the use of^ 162 
sharp angle, use of (see also Non-clearance* 
tools), 286 
Blotter, 194 

• standard, 256 , 

standardization of, 238, 316 * 

supplying to workmen, 312 
'taylor standard, 242 
threading — see Taps and dies 
"warming up” of. 
wear of. 199. 223, 224, 227 
worn, remaking of, 185 
Toledo steel, 3, 6 

Tongs, special forms of, 87, 94, 118, 119 
Topping ingots, 62 

Torsional strains in machine tools, 279. 286 
Toughness, restoration of, in hardened tools, 121 
Transportation of material in process — see Ma¬ 
terial 

Traverse, factors affecting, 242 

in milling aluminum, 250 
oiierations, 250 

or feed, table for determining, 334 
Troostite in high-speed steel, 43 
nature of, 38 

Truing grinding wheels, 138 

tool bases — see 'J'ool bases 
"Try outs,” 324, 328 
Tungsten a fixing agent, 41 

and self-hardening steels, 40 
cost of, 62 

effect of, on hardening, 40 
inffuence in high-speed steel, 44 
steels, effect of tempering on, 41 
properties of, 13 

Turning locomotive tires, 213, 300 

Turret lathe, Foster ring, 278 

Twist and twisted drills— sec Drills 

Type metal for anchoring inserted cutter blades, 267 

Uehling pyrometer, 158, 166 
Unannealed stock, use of, 261 
Uniformity in tools, securing, 78 

lack of, in material, effect on standard 
speeds. 241 

Universal adaptation of high-speed steel, 211 
Uranium, influence in steel, 43 
Utility of high-speed steel, range of, 186 et seq. 
Universal use, high-speed steel for, 47 

Vanadium, cost of. 62 

influence in steel, 43 
Variables affecting efficiency, 235 

in metal cutting, nature of, 240 
Venting of gas furnaces, 111 ' * ^ 

Ventilation of hardening plant, 88* 

Vibration and chatter, 226 

elimination of. in machine tool8V278; 280 
in metal cutting, caiwes and nature of, 
213, 214 
lateral, 214 

in Hartness tools, 258 
minimizing, 215, 285 
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Wai^e system, relation to efficient use of high-speed 
tools, 310 

maximum production, 321 
Wanner pyrometer, 158, 166 
“ Warming ud“ of tools in cutting operations, 102 
War^j^ 5u\ 

Watfer as a quehtfehif dr cooling agent, 53, 97 
current pyrometer, ^58, 159, 165 
'hardening high-speed steels, 51, 53 
W^ar of cutting tools, 199, 223. 224, 227 
reamers, and like tools, 199 
Web of twist drill, design of, 273 
Weight essential in high-speed machine tools, 280 
Welded (compound) tools, 183, 263 

shear blades aiul dies, 
203 

utility of, 184 

Welding high-speed sb*el to carbon steel. 182, 184 
in repairing broken tools, IH4 
lathe beds and head stocks, 282 
Wet or dry grinding of tools, 136, 148 
Whale oil fur the quenching bath, 100 


Wheel, kind to use in toot grinding, 134, 187, 
142 

Wire drawing, dies for, 206 

Wolfram — see Tungsten 

Wood working, high-speed tools in, 209 

operations, finish obtained with 
high-speed tools, 209 
tools, design of, 274 

efficiency of, 210 
tempering, 128 

Wooti, 3 

W'ork and tool, relation between, 212 
Workman, the, a factor in rapid production, 317, 
321 

attitude toward high-speed tools, 
310 

consideration for, in accelerated 
pioduction, 310 

endurance limit of, 304, 310, 317 
training m the proper use of high¬ 
speed tools, 310 
Worn toots, re-making of, 185 










